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ELECTRICITY AND MAGNETISM. 



CHAPTER VI. 

MAGNBTISII AND KLECTKICITY. 

I, Magnetism. — II. Static Eleciricity. — III, Dynamic or YoUaie 
Electricity. — lY. Electro-Magnetism. — V. Maqnet 
city. — VI. Therjuo-Electncity. — VII. Animm E, 
— YIII. jyiainagnetism,. 

(214) The forces of magnetism and electricity are now found 
to be 80 intimately related, that it is hardly possible to study the 
operations of either separately. 

The power of the loadstone to attract small pieces of iron was 
recognised as a remarkable natural plienomenon for centuries 
before the Christian era; and the ' pointing ' of the magnetic 
needle north and south, was early applied to the purposes of 
navigation by the Chinese ; but it was not employed for that 
purpose by European nations till the latter end of the Kfteenth 
century. The property of temporarily attracting light objects 
which amber acquires when rubbed, was also familiar to the Gre- 
cian philosophers ; but it was not till about 260 years ago that 
Gilbert laid the foundation of electrical science, and that Otto de 
Guericbe and Hauksbee contrived the first electrical machines. 
Nautical men, likewise, had often observed that after a ship had 
experienced a stroke of lightning, the compass was deranged or 
its poles were reversed ; but it was not until the year 1819 that 
the true connexion between electricity and magnetism was 
pointed out by Oersted, when he publisned his memorable dis- 
covery, that a magnetic needle if suspended freely at its centre, 
would place itself at right angles to a wire which was transmit- 
ting an electric current. After the publication of Oersted's dis- 
covery, the means of obtaining powerftd temporary magnets by 
transmitting electrical currents through wires coiled around 
masses of soft iron, or in other words, the methods of preparing 
electro-magnets, were speedily devised ; and thus the dependence 
of magnetism on electricity in motion was shown ; whilst hi 1831 
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the completion of this cliain of discovery was effected by Fara- 
day, wlio announced that a current of electricity miglit be ob- 
tained in a closed conducting wire from tlie magnet, by moving 
it across the line of the conductor. 

In its chemical bearings, particular importance attaches to 
Volta's invention of the voltaic pile or battery, which, in the 
bands of Davy, led to the discovery of the metallic bases of the 
alkalies and of the earths, and effected a complete change in the 
aspect of chemical science. In later years, the applications of 
the voltaic battery to the eliemical arts of gilding, silvering, zinc- 
ing, &c., have rendered it an instrument of great importance in 
the industrial arts. 

§ I. Magnetism. 

(215) It will not bo necessary to enter fuUy into the subject 
of magnetism, but a few remarks iipon the more important pecu- 
liarities of this force will materially aid in fixing upon the mind 
clear ideas of polarity and polar action. 

Electricity is, like magnetism, a polar force, and the pheno- 
mena of chemical attraction also fall into the class of poJar actions. 

The most obvious character of magnetism is seen in the power 
of attracting masses of iron, which is displayed to a greater or 
less extent by magnetized bodies. This power of attracting iron 
was first observed by the ancients in an iron ore obtained from 
Magnesia in Asia Minor ; hence the property was termed magnet- 
ism, and when in more recent times its directive property was 
observed, the mineral itself was named the lead-stone or load- 
stone. A steel bar if rubbed in one direction with the loadstone 
acquires similar properties ; when poised horizontally, as may 
be done by supporting it upon a point, such a bar will take up 
a fixed position with regard to the poles of the earth ; in this 
country it wiU point nearly north and south. The end of a 
magnetic bar which points towards the north is distinguished by 
a mark, and is Jience often termed the marked end of the mag- 
net. This peculiarity in the magnet of taking a fixed direction, 
renders it invaluable to the navigator. A magnetized needle 
attached to a card marked with the cardinal points, and properly 
poised, constitutes the mariner's ctympass. 

If a sheet of paper be laid over a magnetized sted bar, and 
iron filings be evenly sifted upon the paper, it will be found, on 
gently tapping the paper, that the particles of iron accumulate in 
two groups, one around each extremity of the bar as a centre, 
and that from these points the filing arrange themselves in 
curved lines, somewhat resembling those shown in fig, 153, ex- 
tending from one end of the bar to the other. This experiment 
shows that tlie attractive forces are concentrated near the two 
extremities of such a bar. A soft iron wire freely suspended at 
it« centre in a horizontal direction, will be attracted indiiferently 
at both ends by either end of the magnetic bar ; but if a second 
magnetic bar be poised in the same way as the iron wire, it will 
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be found that one end of this bar will be attracted when the 
magnet is brought near it in one direction, whilst the same end 
will be repelled if the opposite end 
of the magnet be presented to it. Fro. isa. 

Farther examination shows, that 
this repulsion tates place when 
the ends presented to each other 
are those which would naturally 
point in the same direction; two 
north ends repel each other, and 
similar repulsion ensues when two 
south ends are presented to each 
other; whereas, if the extremities j 

opposite directions, attraction ensues between them ; tlie north 
end of one bar attracts the BOiitli end of the other. Thus it ap- 
pears that there are two kinds of magnetism endowed with quali- 
tdes analogous, but opposite, to each other. The two maguetic 
forces are always developed simultaneously, are always equal in 
amount, hut are opposite in their tendencies: and thus are capa- 
ble of exactly neutralizing each other. Tliey accumulate at 
opposite ends of the bar. These ends are termed the^oles of the 
magnet. Forces which exhibit these combinations of two equal 
powers, which act in opposite directions, are termed polar forces. 
(216) Magnetic Induction. — Itagnetism acts mrougli con- 
siderable intervals of non-magnetic matter upon bodies such as 
iron, which are susceptible of magnetism, and it produces a tem- 
porary development of magnetism in such magnetizable substan- 
ces. A piece of soft iron brought near to a magnet immediately 
assumes the magnetic state. This influence of the magnet oper- 
ating at a distance is termed magnetic induoium, and it is in con- 
sequence of this action that the iron is attracted. If the north 
end, K, of a magnet, l (fig. 154), be presented to a piece of soft 
iron, the latter becomes a magnet with its poles 
similarly arranged ; that is to say, the soft iron ac- 
quires m the extremity a, presented to the per- 
manent magnet, magnetism of the opposite kind 
to that of the end, n, of the magnet, l, which it is 
made to approach. The soft iron will now attract 
other pieces of iron, a n, s n, and they in tnm will 
act upon others by a continuation of the inductive 
force. On gradually removing the permanent 
magnet, the effects diminish as the distance in- i j 
creases, and at lengtli disappear altogether. This 11^ 
diminution in the effect takes place much more Tj- 
rapidly than in the ratio of the squares of the dis- |l ,^ 
tance from the magnetic pole, but the exact law 'j'g 
has not as yet been ascertained. The polar char- |„ 
aeter of magnetic induction may be seen by sus- 
pending two pieces of soft iron wire over one of the poles of a 
magnet s, (fig. 155) ; the lower end of the wires, n n, repel each 
other, but are both drawn towards the magnet, and the upper ex- 
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tremities, s, s, also repel each other. It is tliis imitual repulsion 
of tlio corresponding ends of the pieces of iron which causes the 
iron filings (fig. 153) to distribute themselves in curves 
Fio. 165. around the magnet ; for in this experiment each parti- 
cle of iron becomes for the time a magnet with oppo- 
site poles. It is likewise in consequence of this polari- 
ty that a number of pieces of fine iron wire under in- 
duction form a continuous cliain. A bar of soft iron 
placed on a magnet of equal dimensions neutralizes its 
action for the time ; by connecting the two oxtremities 
of the magnet, it diverts the induction from surronnd- 
ing bodies, and concentrates it upon itself. On the 
other hand, the induction is much strengthened if the 
magnetic circle be completed, as in fig. 156, by uniting 
the piece of iron suspended from either pole by the 
connecting piece, a o. Tliis induction is maintained 
across the greater number of bodies, such as atmos- 
pheric air, glass, wood, and the metals. It is, however, modified 
by the interposition of iron, cobalt, and niclcel, which are them- 
selves powerfully susceptible of magnetism. 

Magnetic induction diifers essentially from 
Via. 166. electric induction (228) in this particular — viz., 

that it is not possible to insulate either kind 

of magnetism from the other. Por instance, 
if one end of the two united pieces of iron, 
sn,sn (fig. 156), exhibit the properties of a 
north magnetic pole, the otlier end will exhib- 
it those ot a south magnetic pole ; but if the 
two pieces of iron, whilst still under the influ- 
ence of induction, be separated from each 
other, and then the magnet be withdrawn, both 
pieces of iron will have lost their magnetism. 
Again, if a magnet be broken in the middle, it 
will not be separated into one piece with a 
north and another with a south pole ; each 
fragment will still possess two poles, tui-ned 
in the siime direction as tiiose of the onginal bar (flg. 157) ; and 
each fragment may again be subdivided into an indefinite num- 
ber of smaller fragments, each of which will still possess a north 
and a south pole. 

These phenomena may 
Fni. 1 1)7. be explained by supposing 

s nr s !v s AT ^^^^ ^ magnet consists of a 

I ~> > ^ <■ II collection of particles, each 

of which is magnetic and 
endued with both kinds of magnetism. In the iimnagnetized 
condition of the bar, these forces are mutually combined, and 
exactly neutralize each other ; but when the mass becomes mag- 
netized, the two forces are separated from each other, though 
without quitting the particle with which they were originally 
associated. The two halves of each particle assume an opposite 
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D18TKIBUTI0N OF MAGNETISM. 

magnetic condition. AH the north poles are disposed in one 
direction ; whilst all the south poles are disposed in the opposite 
direction. Each particle thus aeqairca a polar condition, and 
adds its inductive force to tliat of all the otliers ; as a necessary 
consequence of sncli an arrangement, the opjwsite powers hpcomo 
acenmulated at the opposite extremities ot the bar. If in fig. 
168 the small circles be taken to 
represent the ultimate magnetic 






particles, the portions in shadow 
would indicate the distribution of 

south magnetism, whilst the uu- . 

shaded half of the particles would 

show the distribution of magnetism of the opposite kind. This 
hypothesis is supported by the fact that a mamet whilst produ- 
cing induction loses none of its force, but on the contrary suffers 
temporary increase of power owing to the reaction of the induced 
magnetism of the soft iron upon it. 

(217) Preparation of Magnets. — Pure soft iron loses its mag- 
netism as soon as it is withdrawn from the inductive influence ; 
but the presence of certain foreign bodies in combination with 
the iron, particularly of oxygen, as in the natural loadstone, and 
of carbon, as in steel, enables the body to retain the magnetic 
power permanently. Hardened steel is always the material em- 
ployed in the preparation of permanent ma^ets ; it isnot sus- 
ceptible of so intense a degree of magnetization as soft iron, but 
when induction has once been produced within it, the effect is 
retained for an indefinite length of time. The development of 
this power in steel is much facilitated by friction ; and the 
amount of force dev^oped by this means is greatly dependent 
upon the direction in which the friction is performed. A simjjle 
metiod of magnetizing a bar consists in placing the bar on its 
side and bringmg down upon one of its extremities either of the 
ends of a bar magnet. If tlie north end be brought down on the 
steel bar, it must be drawn slowly along towards that extremity 
of the bar which it is intended shall possess south magnetic force ; 
this operation must be repeat- 1 three or four times in the same 
direction, A more effectual plan is to bring down upon the cen- 
tre of the bar the two ends of a powerful 
horseshoe magnet, as represented in fig. " 

159 ; the south pole being directed towards 
the end of the bar that is intended to pos- 
sess the northern polarity, and Wee -i^ersa. 
It is then moved along the surface from the 
centre, alternately towards either extremity, 
taking care not to carry the horseshoe be- 
yond the extremities of the bar, and to ^^ithdraw the htrieshoe 
ifrom the bar when at its centre c. The bar is then turned o\er 
and the process repeated on the opposite side, but in the same 
direction, for an equal number of times. When two bars are to 
■ '., they may be placed parallel to each other, the 




extremities being connected by pieces of soft iron. Both the 
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6 FKEPAEATION OF MAGNETS. 

poles of the horseshoe are bronglit down upon the centre of one 
of the steel bars, and it is carried round the parallelogram always 
in the same direction, taking care, as before, to withdraw it when 
over the centre of one of the bars. In the last arrangement, the 
induction of one bar acts upon and exalts the intensity of the 
magnetism excited in the other. For this reason, the opposite 
poles of magnets, when not in use, should be connected by pieces 
of soft iron, BO that the continued induction shall maintain the 
force of each. 

In the act of magnetization, the horseshoe loses nothing of its 
power ; but the north and south magnetism, which are supposed 
to exist in every particle of steel and iron, and which in the un- 
magnetized condition are so combined as exactly to neutralize 
each otlier, appear from the effect of the induction to which they 
have been subjected, to be permanently disturbed in their equili- 
brimn in the newly-magnetized bars. The more intense the 
power of the horseshoe, the greater is this disturbance, and the 
more powerful are the magnets which are produced. 

By uniting together several bar magnets, taking care tliat the 
corresponding poles of each are in the same direction, magnetic 
hattenes of great power may bo obtained. The magnets should 
be all as nearly as possible of the same strength ; because if one 
of the bai-s be weaker than the others, it materially diminishes 
the power of tlie wiiole, and aete in the same manner as a bar of 
soft iron would do, though to a more limited extent. As a matter 
of convenience, the bar magnet is often bent into the form of a 
horseshoe, so that the inductive and attractive power of both 
poles may be simultaneously exerted on the same piece of iron ; 
the effect is in this manner much increased, and the weight sus- 
tained by the two poles united is much greater than the sum of 
the two weights which would be suppoi'ted by each pole sepa- 
rately. For this reason, the soft iron annatures n, s, of a load- 
stone (fig. 154) add greatly to its power, and bv facilitating the 
application of the keeper, or piece of soft iron which connects the 
two poles when not in use, prevent the loss of the magnetic power. 

(218) Injluence of Mf^idar Motions on Magnetism, — It has 
been mentioned that the friction of a steel bar, whilst under in- 
duction, facilitates its magnetization. The same effect is occa^ 
sioned by percussion of the bar, or by any other mode of pro- 
ducing vibration in it whilst it is under magnetic induction. On 
the other hand, if a bar has been iully magnetized, its force is 
•■■iduced by the application of a sudden blow; even the simple 
act of scratching the surface with sand-paper, or with a ffle, may 
seriously impair the power of a good magnet. 

The influence of heat on magnetism is remarkable. If a steel 
bar be ignited and placed under induction, and whilst still in this 
condition it be suddenly quenched, it will be found to be power- 
fully magnetic. Again, it a steel magnet be ignited, and allowed 
to cool slowly, all its acquired magnetism will have disappeared. 
Elevation of temperature, therefore, evidently favours the trans- 
fer of magnetic polarity within its particles. Further, if the tem- 
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perattire of a piece of iron be raised to redness (abont 1000° F.}, 
it will become indifferent to tbe presence of a magnetic needle, 
tbough on again cooling it will be as active as before. A similar 
effect is produced upon cobalt at the temperature of melting 
copper.* !Nickel, at a much lower temperature, loses ita action 
upon the magnet, as at 600° it exerts scarcely any attractive 
effect on the needle. So great is the influence of temperature 
upon a magnetic bar, that at the boiling-point of water, the 
diminution of its power is pefteptible by the rudest testa. If the 
temperature do not exceed 212°, the magnet regains its force on 
cooling. Ou tiie other hand, by cooling a magnet artificially, its 
power is for the time exalted. 

(219) Measurement of Magnetic Intensity of a Bar.— The 
simplest method of ascertaining the intensity of the power of a 
magnet, consists in attaching to its armature a scale-pan, and 
ascertaining the amount of weight which it will support ; but it 
is obvious tliat this plan is not susceptible of any high_ degree of 
accuracy ; it is, moreover, in many cases, quite inapplicable. A 
still easier, and more generally useful, because far more accurate, 
method, consists in suspending the magnet horizontally at its 
centre, by means of a few fibres of silk, and allowing it to tate & 
fixed direction under the influence of a standard magnet ; it is 
then displaced from its position of equilibrium, and the number 
of oscillations which it describes in a given time is counted. The 
relative intensity of the power of two or more bars, which may 
thus be compared, is proportionate to the squareof the number 
of vibrations performed in equal intervals of time. Tor esti- 
matiag low degrees of power, the torsion of a gl^s thread, as 
employed in (toulomb's electrometer (326), may be used. The 
mutual action of two magnets is inversely as the square of the 
distance between them. 

(220) Magnetism of the Earth — The Dip. — The remarkable 
fact of the pointing of the needle towards the nortli pole of the 
earth has been explained upon the hypothesis that the globe of 
the earth itself is a magnet, ^^^ ^^^ 
the poles of which are situated 
nearly in the line of the axis 
of rotation ; the magnetism of 
the earth's north pole being 
of the same kind as that of 
the unmarked end ot the mag 
net. K a small magnetized 
needle, * n, be freelj sutpend- 
ed horizontally bj a thread 
over the equator of a sphere 
(fig, 160) nine or ten mt hes m 
diameter, passing through the 
centre of which a small magnetic bar, k 

• Faraday has, however, shown that in the ei?e of cobalt its magnetic power in- 
creases aa the temperature riseB until it reachcB abont 300°, beyond which it slowly 
aud at length becomes nearly evanescent. (Phil. Tram. 1856, 179). 




at right angles to the 
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points of suspension of tlie globe, is placed, tlie needle will, when 
the magnetic bar is horizontal, as in No. 1, assume a direction 
parallel to the magnetic bar, and will point towards n and s, 
preserving its horizontal position ; for it is equally attracted by 
the north and south polarities of the bar ; but if one of the ends 
of the magnetic bar oe made gradually to approach the needle, 
as at 2, that end of the needle whicli previously pointed towards 
this pole will begin to incline downwards, or to di^, until, when 
the end a of tlie bar is exactly under the point n of the needle, 
the dii-ection of the needle will become vertical. On bringing 
the opposite end of the bar towards the needle, like results may 
be obtained with the^ther end of the needle. Similar phenomena 
are also exhibited when a magnetic needle, poised horizontally at 
the equator of the earth, is carried towards eithei- of its poles. A 
needle, therefore, which when unmagnetized is so poised as to 
assume a horizontal position, in the latitude of London, appears 
to become heavier at its marked end by the process of magnetiza- 
tion. An instrument by means of wliieli the angular amount of 
this inclination can be accurately observed, is called a dipping- 
needle. 

(221) Declination or Variation. — In each hemisphere tliere is 
a single point at which the dipping-needle stands vertically, i.s., 
where the dip is 90°. In the northern hemisphere this point is 
situated in about 96° 40' W. Ion. and W 14' K. lat. ; the point 
where it would be vertical in the southern hemisphere being 
nearly in 73° S. lat. and 130" E. Ion. The line of no dip does 
not correspond to the earth's equator ; it forms an irregular curve 
inclined to it at about 12°, and crossing it in four places. This 
arises from the fact that the magnetic system of the earth is much 
more complicated than is represented in the foregoing paragraph. 
Instead of being single, it appears to be double, as was first 
pointed out by Halley, and in neither of these two systems does 
the magnetic axis coincide with the axis of rotation of the earth. 
Consequently in most places the needle does not point to the true 
geographical north. At the present time the needle in London 
points rather more than 21° west of north. This deviation from 
the true north is termed the variaiion or declination of the 
needle. 

In the northern hemisphere there are four lines of no decli- 
nation ; two of which may be considered to pass through the 
point of 90° of dip, and two others which do not pass through 
this point. These four lines of no declination liave reference to a 
double magnetic system of which the two points of maximum 
force in the Northern hemisphere are resultants ; and these points 
were called by ll&Mey onagnctio poles. Tliey do not correspond 
to either of the pouits of 90° of dip, which have also been called 
magnetic poles. 

It is remarkable that the declination of the ma^etic needle 
is not constant at the same spot. In the year 1657, the needle 
pointed due north at London. It then gradually assumed a 
declination to the west, which continued to increase until about 
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the year 1840, at which time tlie variation to the west, in Lon- 
don, was nearly 25° ; ainec this period it has been frradually re- 
turning towards the east, and in May_, 1S63, it was 21° 25' W. at 
Kew. The rate of its motion differs in different parts of its pro- 
gress, becoming slower as it approaches the point of retrom-es- 
sion ; at present it is about 6' aumially. Independently of these 
gradual and progi-essive changes, the variation is subject to 
diurnal movements of very small amount ; north of the magnetic 
equator in England and the middle latitudes the nortli end of the 
needle moves slowly eastward in the forenoon, attaining its maxi- 
mum between tlie hours of seven and ten a.m., and returns to its 
mean p<sition at about ten in the evening. Connected with these 
alterations are corresponding variations in the dip, which during 
the last fifty years has been observed in London to diminish an- 
nually about 2'-6. From observations made at the Kew Obser- 
vatory, the dip in May, 1863, was 68° 15'. 

(222) Variation in the Intensity/ of the EartKa magnetism. — 
The intensity of the earth's magnetism is also found to vary at 
different points of the surface, but the law of its increase has not 
been clearly determined ; the line of minimum intensity, or mag- 
netio equator^ as it is soinetimes called, is in the vicinity of the 
geographical equator, but does not coincide either with t!iia or 
with the line of no dip ; it forms an irregular curve cutting both 
of these lines. The points of greatest intensity, moreover, do not 
coincide with those at which the dipping-needle is vertical. The 
highest degree of intensity that has been actually measured is 
3-052, the lowest 0-706.* Bott the maximum and miDimum 
here mentioned are in tlie southern hemisphere. If it be sup- 
posed that the globe be divided by a plane passing through the 
meridians of 100" and 260°, the western hemisphere, comprising 
America and the Pacific Ocean, presents a higher intensity than the 
eastern ; but the charge of the northern and of the southern hem- 
isphere is equal. In the nortiiem hemisphere there are two points 
of maximum intensity, the most powerful being in North Amer- 
ica, and determined by Lefroy, in 1843-44, to be situated in 52° 
19' N. lat. 92° W. Ion,, the intensity being 1-88. The weaker 
maximum was found by Hansteen in 1828-29 in Siberia, in 120° 
E. Ion. with an intensity of I'Te. Sir James Eoss, in 1840-43, 
found the principal maximum in the soutliern hemisphere in 
about the meridian .of 134° E., and a few degrees North of the 
Antarctic circle, whilst the wealier maximum in the southern 
hemisphere, according to Sabine, is about 130° "W. The inten- 
sity of the magnetic force at London is now 1-372. 

The intensity of the earth's magnetism, like the variation and 
the dip, is found to suffer periodical changes. Besides these 
regular variations of the magnetism of the earth, other irregular 

• The unit of inlBnaity used in the text is that proposed by Humboldt, derived from 
tlio value of a particular magnet which he employed ; but in the later magnetio ol>- 
aerrationa the unit of inten^ty employed has been that, recommended by the Royal 
Sodety, via. : a second of Ome, a foot of space, and a grain of niass, The magnetic 
intensity upon this scale at London ia at present lO'Sl. 
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Tariatioiis have been observed. These have been termed mag- 
netic storms : they are iodieated by eiiddea and considerable 
diatnrbaneca of the magnetic instruments, of short duration, 
which are produced by some widely acting causes, as these dis- 
turbances have been noticed simultaneously at very distant parts 
of the earth's surface. In extreme cases, the diminution of the 
magnetic intensity during the ' storms ' has amounted to a large 
proportion of its total force. Sabine considers that these mi^- 
netic storms are connected with changes in the solar atmosphere, 
■which are indicated by variations in the number and form of the 
spots upon the sun's disk ; their epochs of maximum recurring at 
dccenmal intervals, with epochs of minimum intensity occurring 
midway between each maximum. These intervals coincide with 
the decennial epochs of maximum and minimum of the solar 
spots observed by Schwabe,* 

Since, then, the earth may be looked upon as an immense 
magnet of small intensity, it is natural to expect that, under 
favourable circumstances, magnetic induction should arise from 
its influence. Such effects are indeed continually observed. If 
a soft iron bar be placed in the line of the dip, it acquires tem- 
porary magnetic properties, the lower extremity acting as the 
marked pole of a magnet upon a magnetized needle, while the 
upjjer extremity acts as the unmarked pole. By reversing the 
position of the bar, the end which is now the lower will still 
possess the magnetism of the marked pole. A bar of steel, such 
as the poker or tongs, which is kept in a vertical position (a line 
in this latitude not far removed from that of tlie dip), is from 
this cause frequently found to be permanently, thongh weakly, 
magnetic. It is to the same cause operating througli the lapse 
of ages, in the same direction, upon the loadstone, that its polar- 
ity is to be ascribed. 

If a steel bar be made to vibrate while placed in the line of 
the dip, as by giving it a smart blow, it is magnetized still more 
powerfully, and tliis effect may be still further increased by the 
mduetive influence of other masses of iron placed in contact with 
it. Thus by allowing a steel bar, supported in the line of the 
dip, to rest upon an anvil, and striking it strongly with a ham- 
mer, it becomes decidedly magnetized. All permanent magnet- 
ism may, however, again be removed from it by placing it across 
the line of dip, and striking it two or three blows as belore. 

Iron, nickel, and cobalt are the only substances which are 
powerfully magnetizable ; but a susceptibility to magnetism in a 
much feebler degree has, by the researches of Faraday and 
otliers (323), been proved to exist in a variety of other bodies. 
Before describing the method in which these experiments were 

" A aingular oorroboration of this theorj' is aiforded by an observation of Mr. Car- 
lington, who was watching a large spot on Ihe sun on lat September, 1859 : suddenly, 
a* n ■■ ■ 20' A.M., a bright spot was Been in the middle of the dark one ; thia appearance 
lasted for about ten minutes, and a eorreaponding disturbance in time and duration was 
indicated by the self-registering magnetometers at Kew. 
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conducted, it will be necessary to examine tlie loading phenome- 
na of electric it}' ; and these ^vill now be considered. 



§ II. Static Electricity. 

(223) The force of electricity is one of those subtle and all- 
pervading influences which are intimately connected with tlie 
operations of chemical attraction. Indeed some of our most 
eminent philosophei-s have been disposed to regard electricity and 
chemical attraction in the light of different manifestations of the 
same agent. 

For upwards of 2000 years it has been known that when am- 
ber is rubbed upon bodies such as fur, or wool, or silk, it ac- 
quires for a abort time the property first of attracting light ob- 
jects, sucb ag fragments of paper or particles of bran, and after- 
wards of repelling them. Until about 260 years ago, amber was 
the only known aubstanco by which such effects were produced. 
About that time Gilbert discovered that a number of other 
bodies, such as glass, sealing-wax, and sulphur, might be made 
to excite similar motions. The power thus called into action 
has been called elecf/ridiy, from rikeKTpov (amber), the body in 
which it was first observed. Independently of its origin in fric- 
tion, it has been found that electricity is liberated by chemical 
action, by certain vital operations, by heat, by magnetism, by 
compression, and in fact by almost every motion that occurs 
upon the face of t!ie globe. Electricity neither increases nor 
diminishes the weight of bodies under its influence, and neither 
enlarges nor reduces their bulk. It may be excited in all sub- 
stances, may be communicated from one electrified or excited 
body to another previously in a neiitral or uneleetrified condi- 
tion, and it may be stored up for the purposes of experiment. 

(224) Two kinds &f Electricity.— 

A very simple contrivance will suf- ^'O' l^i- 

fice for examining the fundamental 
phenomena of electricity as devel- 
oped by friction ;— 

Sotten a little sealing-wax in the 
fiame of a candle, and draw it out 
into a thread 8 or 10 inches long, 
and of the thickness of a stout knit- 
ting pin. Attach to one end of it a 
disk of paper about an inch square, 
as represented in fig. 161 ; suspend 
this rod and disk by means of a 
paper stirrup and a few fibres of un- 
spun silk from a glass rod fixed 
horizontally to some convenient sup- 
port. Now rub a stick of sealing- ,^^ 

wax with a hit of dry flannel, and -^=— ^==— 
bring it near the paper disk : the disk will at first be strongly 
attracted, and will then be as strongly driven away. Whilst it is 



,y Google 



12 TWO KIKDS OF ELECTEICITY. 

in tliis condition of repulsion by the T.vax, bring towards it a 
warm glass tube that has been rubbed with a dry silk handlcer- 
chief ; the disk will be immediately attracted, and in an instant 
afterwards it will again be repelled, but it will now be found to 
be attracted by the wax. It is therefore evident, that by the fric- 
tion of the glass and of the wax, two similar but ^posite powers 
are developed. A body which has been electrified or charged 
with electricity from the wax is repelled by the wax ; but it is 
attracted by the excited glass, and vice versa. In order to dis- 
tinguish these two opposite powers from each other, that power 
which is obtained from the glass has been .termed vitreom or 
" e electricity : that from the wax resinous or negative elec- 



tncity. ^ , , 

Let us suppose that tlie paper disk has been charged by 
means of the glass tube, so that it is repelled on attempting to 
bring the glass near it ; this state will be retained by the disk 
for many minutes. This contrivance forms, in fact, an electro- 
scope, for it furnishes a means of ascertaining whether a body be 
electrified or not, and even of indicatiog tlie kind of electneity. 
Suppose that a body suspected to be electrified is brought near 
the disk, which is in a state repulsive of the glass tube ; if repul- 
sion occur between the disk and the body which is being tested 
for electricity, it is at once obvious that the substance is electri- 
fied ; and moreover, that it is vitreoiisly electrified, since it 
produces an effect similar to that which would be exhibited by 
an excited glass tube. 

The phenomena of attraction and repulsion may 
Fig. 102. l:,e further exemplified by the following experiments : 
—Suspend two straws, sepai-ately, by a fibre of silk, 
each to a glass rod (fig. 162) ; bring an excited stick 
of sealing-wax towards each ; each will be first attract- 
ed and then repelled ; whilst thus repulsive to the 
wax, bring the one near to the other ; they will re- 
cede from eaeh other as they did from the wax. If 
both straws be excited by glass, they will m like man- 
ner repel each other ; but if one be excited by the 
glass and the other by the wax they will attract each 
other. Hence we learn, that bodies similarly electri- 
fied repel, those differently electrified attract eaeh other. 
Proceeding a step further, it will be found that whenever two 
bodies are rubbed together, both kinds of electricity are liber- 
ated, but so long as the two bodies remain m contact, no sign ot 
the presence of either electricity appears ; on separating them, 
botli are found to be electrified—the one vitreonsly, the other 
reainously : for example, stretch a piece of dry silk over a brass 
plate, and rub it upon a glass plate ; so long as the two bodies 
are in contact, the quantities of each kind of electricity set fi-ee 
are precisely sufficient to neutralize eaeh other, and the combined 
plates will not affect the electroscope, hut as soon as the glass 
plate and the silk are separated,_the glass will repel the disk (hg. 
161), while the silk will attract it. 
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(225) Insulators and Conductors.— 'Bo<Wc?, that Iiave been 
thus electrically excited, return to their neutral condition when 
touched by other substances, but -with degrees of rapidity depend- 
ing on the kind of body which touches them, A rod of sealing- 
wax or of shell-lac, for example, may be held in contact with any 
electrified body without sensibly lessening the charge ; but the 
momentary touch of a metallie wire, or of the hand, is sufficient 
to remove all indications of electric excitement : it is therefore 
clear that there are some bodies which, like the wire or the hand, 
readily allow the passage of electricity, and these are termed con- 
ductors : whilst tiiere are others which, like shell-lac, do not 
easily allow its passage, and these are called insulators. There 
is, however, no absolute line of distinction between these two 
classes of bodies ; there is no such thing as either perfect insula- 
tion, or perfect conduction, for the two classes of bodies pass 
gradually one into the other. 

In ttie following table each substance enumerated is superior 
in insulating power to all those which follow it. The nearer tlie 
substance is to the bottom of the table, the better, on the con- 
trary, is its conducting power : — 

Spermaceti. 

Turpentine and Volatile Oils. 
Fixed Oils. 

String and Vegetable Kbres. 
Moist Animal bubstanees. 
Water. 

Saline Solutions. 
Flame. 
Melted Salts. 
Plumbago. 
HDharcoal. 
All the Metals. 

Conductors. 

Any object is spoken of as being electrically insulated when 
it is supported by means of some badly conducting substance 
which prevents the free escape of the electricity. The presence 
of moisture deposited from the air upon the surface even of the 
best insulator converts it for the time into a conductor, and is one 
of the most annoying impediments to the success of electrical 
experiments, as the power is carried off as fast as it is accumu- 
lated. Glass is especially liable to this inconvenience, but by 
varnishing it when practicable, and keeping it thoroughly warm, 
the difficulty is diminished. By due precautions, instruments 
may be constructed which, in dry air, will preserve a charge for 
several hours. 

The most perfect insulators still allow electric power to tra- 
verse them, although by a process different from conduction, and 
hence they are termed Dielectrics (230), Thus, if one aide of a 
plate of glass be oleetriiied by rubbing it with a piece of silk, the 



Insulators. 
Dry gases and Dry Steam. 
Shelftac. 
Sulphur. 
Amber. 
Kesins. 

Q-utta Percha and Caoutchouc. 
Diamond, and some other pre- 
cious stones. 
Silk. 

Dry Fur. 
Glass. 
Ice. 



,y Google 



14 



OOLD-LEAF ELECTR08COPE COCLOMu's AND 




Opposite face also accjuircs the power of attracting particles of 
brail or other light objects. 

(226) EUcl/rosmpes. — Various instruments have been devised 
for detecting feeble charges of electricity. One of the most con- 
venient of these is the gold-leaf electroscope 
Tia. iflH. (fig. 163), which is sensible to extremely small 

eliargee. It consists of a pair of gold leaves 
suspended from the lower extremity of a me- 
tallic wire which terminates above in a brass 
plate. The wire is insulated by passing it 
tlirough a varnished glass tube packed with 
silk, and the whole is surrounded and support- 
ed by a glass case. The approach of an ex- 
cited body instantly causes the divergence of 
the leaves. If a glass tube be rubbed with a 
dry handkerchief and touched with a small 
disk of paper insulated by attaching it to a rod 
of sealmg-wax, as directed in preparing tlie 
^ i (fig. 161), a small vitreous charge wiU be received 
by the paper ,_ and if carried by it to the cap of tlie electroscope, 
the leaves will diverge permanently with vitreous electricity. 
The approach of the glass rod would cause the leaves to diverge 
further, whilst that of a stick of excited wax would cause them 
to collapse. 

An instrument (fig, 164) called a torsion 
Fia. 164. electrometer was devised by Coulomb for 

" accurately measuring minute differences in 

the amount of electrical force. The force 
which he opposed to that of electricity was 
the resistance to twisting which is offered 
by an elastic thread. A fibre of silk, a 
fine silver wire, or a thread of glass, has 
been used for the purpose of measuring the 
angle of torsion, this angle in perfectly 
elastic bodies being exactly proportioned to 
the force applied. 

By means of a long glass thread fastened 
above to a pin, p (carrying an index which 
traverses the graduated plate b), a needle 
of shell-lac is suspended freely in the glass 
case A. This needle is terminated at one 
end by a gilt ball h, at tlie other by a paper 
disk which serves to check its oscillations. 
^ r of the instrument is a small aperture through 

which another gilt ball, a (the carrier), also suspended by shdl- 
lae, can be introduced and withdrawn. In order to equalize the 
induction, two narrow strips of tinfoil, e and d, connected with 
the earth, and having a narrow interval between them, are pasted 
upon the inside of the glass cylinder, one a little above and the 
other a little below the level of the balls ; a graduated circle is 
pasted on the glass for reading off the angular deviation of the 




In the glass c 
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iieedle. When the instnimeut is to be used, tlie carrier-ball ja 
adjusted so that after it has been removed it can with certainty 
be replaced in the same position as at first ; the ball upon the 
needle is adjusted by turning the pin until, without any twist 
upon the tlu-ead, it shall just touch the carrier, its centre being 
at the zero of the scale, and the position of the index on the 
upper graduated plate, b, is noted. The carrier-ball, a, is next 
made to touch the object the electricity of which is to be 
measured : it takes off a quantity propoi-tioned to the amount 
accumulated on the spot. The ball a is immediately replaced in 
the instrument ; it divides its charge with the ball h on the 
needle, and repulsion ensues. The thread which supports the 
needle is then twisted until the centre of the ball o is, by the 
force of torsion, brought back towards the carrier, «, to some 
determinate angle (say 30°) marked on the graduation of the 

flass case ; suppose the number of degrees through which it has 
een necessary to twist the thread to be 160"; 160° -(-30°, or 190°, 
will represent the repulsive force. To compare this amount with 
any other quantity, the balls must be discharged, and the ex- 
periment repeated under the now conditions, noting the number 
of degrees of torsion required to make the needle stand at 30° 
as before : the amount of the force is directly proportionate to 
the torsion angle in the two cases. Suppose m a second experi- 
ment that the thread sustain a twist of 180° before the ball h is 
brought back to the angle of 30° ; the force will now be 180° -(- 
30°, or 210°, and the relative electrical repulsions in the two ex- 
periments will be as 190 : 210. 

Another very convenient elec- 
trometer was devised by Peltier, '"' ^^^' 
ia which the directive force ex- ~ 
erted by the earth upon a small 
magnet is substituted for the tor- 
sion of a whe. Fig. 165 repre- 
sents Peltier's electroscope : a h 



is a metallic wire terminating mI 

above in a brass knob, and ce- _^ 

mented by means of shell-lac in- ^ 

to an insulating foot of ebonite, | 

c. At & is a brass ring, from ^ 
which proceed two brass arms, .JL _ 

d, d. In the ring is supported a 

light metallic needle, e, which a 

moves freely upon a pin like a ^ ^Alr=r^ ' 

compass-needle. This metallic SR ' ,pj^ " B^ 

needle carries a small magnetized ftfL -^^ ^**^ jii bs 

steel wire, m. In order to use the ^ SP'SK-^ 'L_J^ff J 

instrument, it is placed so that = C TK^^S^^^Sfr ^ 

the needle, 6, when the steelwire, ^^^£^*- \j^ 

m, is exactly in the magnetic ^ — 

meridian, is just made to touch ~ ~~ 
the arms, d, d. On communicating a charge of electricity to the 
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bull a, it spreads ovei- the insulated wire and needle e: the 
needle is immediately repelled by the fixed arms d, d, and the 
amount of its angular deviation gives the means of estimating 
the force, which, however, is not directly proportionate to the 
number of degrees wMeli represent the angle of deviation. These 
values must be ascertained by direct experiment. 

It was long imagined that non-conductors only were capable 
of excitement Ly friction, and hence they were termed electrics ; 
all bodies, however, exhibit this phenomenon, if proper cai-e be 
talien to insulate them. If, for example, a piece of brass tube 
insulated by a glass handle be rubbed upon fur, it receives a 
charge, as maybe shown by bringing it near the disk of the 
electroscope (fig. 161). Even two dissimilar metals, after being 
brought into contact with each other, may, witli proper precau- 
tions, he made to show signs of electric excitement on being 
separated (257). The friction of glass against metal spread over 
silk is attended by a more powerful development of electricity 
than when silk alone is used ; and an amalgam consisting of 1 
part of tin, 2 of zinc, and 6 of merciiiy, rubbed to fine powder 
and mixed with a little lard, is found to be highly effectual in 
exalting the force which is developed. The same substance, 
however, does not always manifest the same electrical condition 
when rubbed : glass when rubbed upon silk becomes vitreously 
excited ; but if rubbed on the fur of a cat it exhibits resinous 
electricity. Tlie amount of friction necessaiy to produce electric 
excitement is exceedingly small ; the mere drawing of a handker- 
chief across the top of the electroscope (fig. 163), or even across 
the clothes of a person insulated by standmg on a cake of resin, 
or on a stool with glass legs, provided he touch the cap of the 
instrument, is sufficient to cause divergence of the leaves. The 
simple act of drawing off silk stockings, or a flannel waistcoat, or 
the combing of the hair in frosty weather, frequently occasions 
the snapping and crackling noise due to the electric spark ; and 
the strokmg of the fur of a cat at such a season is known to pro- 
duce similar effects. 

(227) Electrieal Jlyipoiheses. — These various phenomena have 
been accounted for by two principal hypotheses. 

One of these, commonly known as the ' theory of one fluid,' 
is due to Franklin. Electricity, npon tliis view, is supposed to 
be a subtle imponderable fluid, of which all bodies possess a 
definite share in their natural or unexcited state. Uy friction, or 
otherwise, this normal state is disturbed. If the body rubbed 
receive more than its due share, it acquires vitreous electricity, 
or, in the terms of Franklin, becomes electrified positively, or + ; 
whilst at the same time the quantity of electricity in the rubber 
which becomes resinously charged is supposed to be diminished, 
and thus the rubber acquires a negative or— state. Franklin 
supposed the particles of tlie electric fluid to be highly self- 
i-epulsive, and to be powerfully attractive of the particles of 
matter. 

The other hypothesis, the ' theory of two fluids,' was origi- 
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nally proposed by Dufay. According to this view tliere are two 
electric fluids, the vitreous and the resinous, equal in amount but 
opposite in tendency ; when aesociated together in equal quanti- 
ty they neutralize each other perfectly : a portion ot this com- 
pound fluid pervades all substances in their unexcited state. By 
friction the compound fluid is decomposed ; the rubber acquires 
an excess of one fluid, say the resinous, and thus becomes resin- 
ously excitid; the body nibbed takes up the corresponding 
excess of vitreous electricity, and becomes excited vitreously 
to an equal extent. Upon this view the particles of each fluid 
are eelf-repuleive, but powerfully attract those of the opposite 
kind. 

The language of either theory may be employed in order to 
distinguish tlie two kinds of electricity : the term vitreous or 
positive may be used indifferently for one kind, and resinous or 
negative for the other kind, provided it be borne in mind that 
positive and negative are mere distinguishing terms : negative 
electricity being as real a force as the positive. 

It is manifest that one or other of these hypotheses must be 
false, yet either will serve to connect the facts together. The 
supposition of an electric fluid is, notwithstanding, gradually 
being abandoned. The supposition of a gravitative fluid might, 
with nearly as much propriety, be insisted on to explain the 
phenomena of gravitation, or a cohesive fluid to account for 
those of cohesion. 

Electricity is now regarded as a compound force, remarkable 
for the peculiar form ot action and reaction which it exhibits. 
This kind of action and reaction follows the samelawof equality 
and opposition in its manifestations as that which is exhibited 
more obviously in the phenomena of mechanics. Whenever 
vitreous electricity is manifested at one point, a corresponding 
amount of reshious electricity is invariably developed in its 
vicinity, reacting against it, and thus enabhng its presence to be 
recognised, although this reacting force may iiot be immediately 
perceptible. 

The phenomena of vitreous and resinous 
electricity may be rudely but not inaptly 
illustrated by those of elasticity exhibited 
by an ordinary spring, as shown at s, fig, 
166. The spring in its nnstretched state 
may represent the body in its unelectrified 
condition ; it then displays nothing of the 
peculiar power that it possesses. The 
spring cannot be stretched irom one ex- 
tremity only ; but if fixed at one end, as 
by hooking it to the pin, p, a weight, w, 
may be applied to the other end, and it 
will seem to be stretched by one force only. 
In reality, however, it is not so ; for by 
substituting at v a weight equal in amount 
to that at w, instead of the fixed point i 




the strain upon the 
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Spring rcuiiiiiia unaltered, but a reattion, equal in amount to the 
original action of tlie weight w, is instantly rendered eTident. 

So it is with electricity ; cases not unfrequently occur where 
one kind only of electricity seems to be present, but a careful 
examination will always detect an equal amount of the opposite 
kind. This essential character of action and reaction in the 
electrical force will be more clearly manifested in the following 
remarks and experiments. 

(228) Eledrieal Induction. — In tlie preceding eases the 
electricity lias been excited by friction and communicated to 
other bodies by contact. An insulated charged body, however, 
exerts a remarkable action upon otlier bodies in its neighbour- 
hood. Long before contact occurs, the mere approach of an ex- 
cited glass tube towards the electroscope causes divei^ence of 
the leaves, and on removing the glass tube, if it have not been 
allowed to touch the cap of the instrmnent, all signs of disturb- 
ance cease. 

The following mode of performing the experiment will afford 
a means of examining this action of an electrified substance upon 
objects at a distance : — 

Place two cylinders of wood, or of metal, each supported on a 

varnished stem of glass, so as to 

l-,G_ 161. touch each other end to end (fig. 

-y--.. _ _ -. 167, 1) ; from the outer extrem- 

' fe " "^ — ^ j-i — \ ity of each suspend a couple of 

•* li " " pith balls by a cotton thread, and 

i - ^^^ bring the excited glass tube hear 

[4- - + X+ . ~ /IL-tJ X*'.^ one end of the arrangement as 
• ^ " " * h\ shown at 2, Electric disturbance 

J will be shown by the repulsion of 

([^^~^~) (- -t- - + -j both pairs of balls. Separate the 
li [j " ^ A two cylinders without touching 

the conducting portion, and then 
remove the glass tube ; the balls will still continue to diverge (3), 
But let the glass be again brought near ; the balls on the cylin- 
der originally nearest the glass will collapse, showing this cylin- 
der to be negatively excited, while the same excited glass will 
cause tlie balls on the furiJier cylinder to diverge from the 
presence of positive electricity. Again, remove the glass alto- 
gether, and bring the two cylinders into contact ; a spai-k may 
generally be seen to pass between them, and botli pairs of balls 
will immediately collapse and continue at rest. The entire 
amount of force existing upon the two cylinders taken together 
remains the same throughout tlie whole period of the experiment, 
but its distribution is altered, as is shown by the position of the 
signs -I- and — . The experiment maybe explained in the fol- 
lowing manner : — Suppose the two cylinders to be in the neutral 
state (No, 1) ; on bringing the excited glass tube near to them, 
a portion of the negative electricity appears to be drawn towards 
the end of the cylinder nearest to the glass, as in No. 2, whilst 
the corresponding quantity of disengaged positive electricity 
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causes the balls on both cylinders to diverge : the moment the 

f'ass is removed, the negative electricity redistributes itself as iu 
o., 1, and the balls collapse ; but if the two cylinders be sepa- 
rated before the glass is removed, and if the excited glass be 
then withdrawn,* the results will be such as are represented in 
No. 3, in which the negative electricity on one of the cylinders 
is more than suiBcient to neutralize the positive, and hence the 
balls diverge negatively ; while on the other it is less than 
sufficient tor the positive, consequently the balls diverge with 
positive electricity. On causing tlie two cylinder to approach 
each other when in this state, the two forces will neutmUze each 
other, and if of sufficient power, the reunion will be attended. 
with a slight spark. 

This action at a distance of one electrified body upon otbei-s 
in its neighbourhood is termed electrical induction. It is a prin- 
ciple of very extensive application, and indeed it furnishes a key 
to the explanation of the greater number of electrical phenomena. 

An instance of electrical induction is afforded in the action of 
the gold leaf electroscope. Let 1 (fig. 168) represent the instru- 




ment in a neutral state. As soon as an excited glass tube, g, is 
caused to approach the cap of the electroscope, the leaves will 
divei^e, as at 2. Wliilst the glass tube is still near the instni- 
ment, let the cap of the electroscope be touched witli the hand, 
BO as to nninsnlate it for a moment, as at 3, by placing it in com- 
munication with the earth tlirough the body, which acts the part 
of a conductor ; the leaves will collapse, and the instrument will 
seem to be quiescent ; now remove the finger from the cap, and 
then take away the glass tube, g ; instantly the leaves diverge, 
and the electroscope is permanently charged, in consequence of 
a change in the distribution of the electricity, as represented at 4. 
Its charge, however, is not positive like that of the glass, bnt 
n^atjve ; for, if the glass be again brought near, the leaves will 
coRapse, while a stick of excited wax will make them open out 
further. These effects arise from electrical induction, and the 
process which takes place is believed to be the following. The 

• If the glass tube be withdrawn grudunlb/ to a certain distance, the balls upon the 
ejlindcc nearest the tube will gradually collapse, in proportion as the inducUve power 
is weakened by distance ; a portion of the negative electricity being liberated in quan- 
tity sufficient to neutralize llio free poddve chai^ and, on completely withdrawing 
the c:<ciCed tube, the excesa of negative electridty is set free, and (he balls now diverge 
negatively. 
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approach of the tuhe in the first instance causes the negative 
electricity to accumulate in the cap, as at 2, where it is retained 
by a epecies of attraction, in which condition it is said to he dis- 
guised. The leaves therefore diverge with a corresponding 
quantity of positive electricity thus set free ; things being in this 
state, a touch is aufScicnt to neutralize the excess of positive 
electricity, as seen in 3, and the instrument appears to he quies- 
cent. Kemove tlie glass tube, however, and the negative electri- 
city, that had been accumulated on the surface of the cap, spreads 
over the whole instrument (though in the diagram this is only 
represented as taking place upon the leaves), and the leaves 
diverge with negative electricity, as shown at 4. 

In all these eases, the excited body itself neitlier loses nor 
gains electricity by the process just described. The mode in 
which this transfer of force Irom a distance is effected still re- 
mains to be considered. 

(329) Faraday's Tfi^ory of Induction. — We owe to Faraday 
a theory of these effects, which has been thus concisely summM 
up by Snow Harris {Itudimeniary Elecirieity, first ed., pp. 33, 
34). Faraday ' conceives electrical induction to depend on a 
physical action between contiguous particles, which never takes 
place at a distance without operating through the molecules of 
intervening non-conducting matter. In these intermediate parti- 
cles, a separation of the opposite electricities takes place, and 
they become disposed in an alternate series or succession of pc«i- 
tive or negative points or poles : this he teims a polarization of 
the particles, and in tins way the force is transferred to a distance. 
Thus, if ill iig. 169, i* represents a positively charged 
Fio. 169. body, and a, h, c, d, intermediate particles of air, or 
^j^ other non-conducting matter, then the action of p ia 

■■ transferred to a distant body, u, by the separation and 

electrical polarization of these particles, indicated by 
Q O Qa- (.]|g ggrigg of tlack and white hemispheres. Now, if 
* ® ®* the particles can maintain this state, then insulation 
O © ©•' obtains ; but if the forces communicate or discliarge 
9 9QA one into the other, then we have an equalization or 
^f\ combination of tlie respective and opposite electricities 
■tf throughout the whole series, including p and n.' . . . 
' lie assumes that aU particles of matter are more or 
less conductors : that in their quiescent state they are not ar- 
ranged in a polarized form, but become so by the influence of 
contiguous and charged particles. They then assume a forced 
state, and tend to retmii, by a powerful tension, to their original 
normal position ; that being more or has conductors the parti- 
cles diarge either lodih/ or by polarity; that contiguous parti- 
cles can communicate their forces more or less readily one to the 
other. When less readily, the polarized state rises higher, and 
insvlation is the result : when more readily, conduction is the 
consequence.' . . . , ' Induction of the ordinary kind is the action 
of a charged body upon insulating matter, or matter the particlea 
of which communicate the electrical forces to each other in an ex- 
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tremely miniite degree ; tiie charged body producing in it an 
equal amount of tlie opposite force, and this it does by polarizing 
the particles, (fig. 169). 

(330) J)istribution of Electric Change.— Bodies suseeptible 
of tliis polarization are termed dielectrics ; and whetlicr they be 
solid, liquid, or aeriform, the electric force is transmitted through 
them freely. A pane of glass interposed between tlie excited 
tube and the cap of the electroscope will in no sensible manner 
affect the divergence of the leaves, which will occur as usual ; 
but the interposition of an uninsulated sheet of tin-plate, or even 
of a screen ot wire gauze, will effectually stop all signs of electric 
excitement on the leaves. 

Owinf , however, to the molecular action by which induction 
is propagated, Faraday has shown that it may, under certain cir- 
cumstances, be traced round the edges of such a screen, and it 
may be continued either in curved or in straight 
lines. Let s (fig. 170) represent a mass of shell- Fig. 170. 

lac which has been excited by friction at its up- ^ 

per part ; b, a brass plate resting on the shell- ^ 

lac, but also in conducting communication with ^ ^</__ 
the ground. At «, a strong inductive action is 
perceived, which is weaker at h, weaker still at c, 
and very trifling at d; at e it increases, and at/ 
is nearly as strong as at S, whilst at g it again 
decreases, from the effect of increasing distance. 

In consequence of these inductive actions, electricity when at 
rest is always distribvited over the surface of a charged object ; 
and therefore, for the purpose of collecting electricity, a hollow 
shell of conducting matter is ^uite as effectual as a solid mass of 
the same size. Many striking experi- 
ments may be given in proof of this im- 
portant fact. For instance, place a me- 
tallic can, c (fig. 171, 1), npon a small 
insulating stand, e ; communicate a 
charge to a brass ball, insulated by a 
slender glass rod, and introduce this 
charged ball into the interior of the can, 
allowing it to touch the bottom ; with- 
draw the ball ; it will be found when 
tested with the electroscope to have 
given up all its electricity. Touch the 
inside of the can with &hro(}f ^ne (or 
small disk of paper insulated by a stout 
filament of shell-lac), and hold it towards the charged disk of the 
electroscope (fig. 161), no action will be perceived: bring the 
proof plane, however, into contact with any part of the outer 
surface of the metallic can, and an abundant charge will be ob- 
tained. No charge can be sustained towards the interior, be- 
cause there is no object within towards which induction can take 
place ; but the polarization of the air on the outside produces 
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induction towards all BuiTounding objects.* But now, wliikt 
the exterior stilt remains cliarged, hold an unexcited brass ball, 
attached to a metallic wire, in tlie inside of the cup, (fig, 171, 2), 
without, however, allowing it to touch it ; if the insulated paper 
disk, under these circumstances, be made to touch any part of 
the inside of the can, it will receive a charge : the particles of the 
air within the can, may, under these circumstances, become polar- 
ized, because the bra^ ball is in a condition to become oppositely 
chained to the can. If the can he positive, the hall becomes 
negative, its positive electricity passing off to the earth hy the 
wire. 

A similar disturhance of electric equilibrium will he found 
whenever a charged body is broueht near other uninsulated ones. 
If an excited glass tube he brought towards the wall of tlie room, 
and just opposite to the tube the wall be touched with the proof- 
plane, a small charge of resinous electricity will be carried off, 
and will be perceptible hy the electroscope. 

By increasing the surface of the conductor whilst the amount 
of electricity remains the same, it is obvious that the quantity 
upon each portion of exposed surface is diminished, and the inlen 
sity of the charge is said to be lowered. Thus, if a metallic rib 
bon, coiled up by the action of a spring, be attached to the cap 
of an electroscope, and a small charge be given to it, a certain 
divei^ence of the leaves will be produced ; on uncoiling the rib- 
bon, by means of a silk tliread attached to it for the purpose, the 
leaves will partially collapse, because the same amount of induc- 
tion towards the ceiling and floor of the room is now distributed 
over a larger surface ; but on allowing the spring to exert its 
elasticity, and coil up the ribbon, the leaves will again resume 
their original divergence. 

In all cases of electric excitement the charge is diffused over 
the surface of the conductor, but the form of tliat surface mate- 
rially influences the mode in which the electricity is distributed. 
If a charged sphere be suspended in the centre of a room, the 
superficial distribution of the force will be uniform on all parts 
of its surface. But if two similar and equally excited spheres he 
suspended side by side, the electric accumulation will be greatest 
at those points of their respective surfaces which lie at the oppo- 
site extremities of a line passing through the centre of each ; and, 
in a cylinder, the force is highest at the two ends. 

This change in the distribution of electricity over the surface, 
which depends upon the change of form, was carefully investi- 

fated by Coulomb. For this pui-poae he employed his torsion 
alance, shown at fig, 164. The carrier-ball, «, of the instru- 
ment was brouglit into contact with that point of the conductor 
which was to be examined ; the ball thus acquired a charge pro- 
portional to the intensity of the electricity at that spot ; and the 
intensity was measured in the manner already described (226), 

' Indeed, a delicak! olectrometer may be endowed in a shell of condRcting matter, 
which may be bo highly charged as to emit sparks in all directions, though the elec- 
tromeWi' will remain wholly unafifcctcd. 
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by the angular repulsion of the needle ; different points of the 
conductor wei-o thus examined in succession, and the intensity at 
each point was compared with the others. 

In tliis way it was found that if two spheres of unequal 
diameters were "each originally electrified to the same degree of 
intensity (that ia, if each sphere were so charged that the quan- 
tity of electricity upon a square inch of the surface of each was 
exactly equal when the two were separate) on bringing the two 
into contact, the greatest accumulation still occurred at the ex- 
tremities of aline joining the centres of the spheres, but the ac- 
cumulation was grcater-on the small ball than on the large one. 
The experiment may be carried still further : for if a series of 
spheres gradually diminishing in size be employed, till at last 
they virtually end in a point, the accumulation at length becomes 
so great that the point is unable to retain the charge, and disper- 
sion ensues. 

A rough idea of this effect may he conveyed by fig. 172, m 
which A, B, and c represent 

three independent spheres di- ^'°- ^'^^- 

rainishing in size and which 
in No. 1 ar suppo d to b 
charged w 1 ele t c ty of 
equal intens > as ep et. t 
ed by a sha led laye of eq 1 
thickness ar d each wl le 
No. 2 rep e ent the sa e 
three balls t Tl 

intensity of tl e la a 
shown by the In f ! d w 
is proportionately much great 
er on the smallest ball than 
on the largest. Points must 

therefore be carefully avoided in the constrocti n ot \\ iritu 
for retaining electricity. For similar reasons sharp or rough 
edges are equally objectionable. » 

{2S1) SlectPical Maohinea. — ,::.„ ,„, 

In order to obtain large supplies 
of electricity, the electrical ma- 
chine is employed. Two princi- 
pal forms of this instrument — viz, 
the cylinder and the ^laie ma- 
chine are in general use. 

In the cylinder macliine (fig. 
ITS) a hollow cylinder of glass, 
c, is mounted on a horizontal axis | 
turning by a winch in two strong 
wooden supports. On one side 
is placed a leather cushion, b, 
stuffed with hair and faced with 
silk ; from its upper edge proceeds a silk flap, s, which reaches 
nearly round the upper half of the cylinder, n is a brass con- 
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ductor for collecting electricity from the rabber. The cushion is 
insulated by a strong glass pillar, g. To collect the electricity 
from the glass, a metallic conductor, r, is mounted on an insu- 
lating stem of glass, h ; this conductor, on the side next the glass, 
is furnished with a row of points, which, from the high degree of 
induction produced upon them, act as powerfully in receiving as 
in dispersing a charge. Before using the machine, a little of the 
amalgam of zinc and tin (226) is spread over the surface of tlie 
cusliion. When the whole is made properly dry and warm, on 
turning the handle a brisk, crackling, snapping noise is heard, 
whilst flashes and sparks of fire dart round the cylinder from the 
edge of the silk flap. Sparks of two or three inches in length 
may now be drawn from the prime conductor, p, if the hand be 
applied to the rubber when the cylinder is turned. In order to 
obtain a continuous supply of sparks from the conductor, p, it is, 
however, absolutely necessary to maintain a conducting commu- 
nication between the rubber and the ground. If the prime con- 
ductor be made to communicate with the ground while the rub- 
ber is insulated, sparks may be freely obtamed from the rubber 
on working the machine. The electi-icity from the cylinder and 
conductor, p, however, is positive, like tliat from glass generally, 
whilst that from the rubber is negative. If the rubber and the 
conductor, while both are insulated, be connected by a metallic 
wire, no sparks can he obtained from either, however vigorously 
the machine be worked, the negative electricity of the rubber 
being exactly neutralized by an equal amount of positive electri- 
city from tlie cylinder and conductor. The reason why it be- 
comes necessary, in working the machine effectively, to connect 
either the rubber or the conductor, p, with the earth, is thus ren- 
dered obvious, since otlierwise induction takes place between the 
liberated resinous electricity on tlie rubber and the positive elec- 
tricity which accumulates on the prime conductor, and tlius pre- 
vents its free discharge. No sooner, however, is the negative elec- 
tricity in the rubber 
supplied from the un- 
limited stores of the 
earth witli an equiva- 
lent amount of positive 
electricity, through a 
chain suspended to it, 
or through the body by 
placing the hand on the 
rubber, than the accu- 
mulated positive elec- 
tricity on the conductor, 
p,_is free to pass off in 
sparks to such objects 
as are sufficiently near. 
In the Plate Machine 
(fig. 174), a flat plate 
of glass, o, is substi- 
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tuted for tlie cylinder, c, in fig, 173, The axis of rotation passes 
throQgh the centre of tliis plate, and tlie rubhers, B, k, are placed 
on each side of the glass along a, portion of its circumference. In 
this form, however, it is not easy to insulate the rubbers, and to 
obtain negative electricity separately, though it supplies positive 
electricity in abundance, p is the prime conductor, insulated by 
a glass stem. 

(232) Extensive Operation of Ind-uetion.—As the principle 
of induction already explained is one which pervades the whole 
phenomena of electricity, we proceed to point out a few more ex- 
amples. 

Every case of attraction is preceded by induction : the op- 
posed surfaces become oppositely electrified by polar action, after 
which attraction ensues. The following elegant experiment by 
Snow Harris showB the steps of the process clearly : — Attach to 
a circular disk of gilt card, A, tig. 175, 
about three inches in diameter, one end ^"^- I'^s. 

of a slip of gold leaf, and by a rod of shell- 
lac fasten the disk to a light strip of wood, 
balanced at tlie other end hy a weight. 
Suspend this freely by a thread, as repre- 
sented in fig. 176 ; on bringing anotlier 
similarly insulated charged gilt disk, n, 
near A, the gold leaf upon a will diverge, 
and then atlraction of the disk will follow. 

Even the phenomena of electrical re- 
pulsion may be traced to induction. If a 
pair of slips of gilt paper be insulated and 
suspended side by side as in the electro- 
scope, they will diverge when charged ; whilst in this condition 
a proof-plane will detect no electricity on their inner surfaces, 
but abundance on the outer ones : induction takes place towards 
surrounding objects, which attract the leaves, and they separate 
from each other ; but if any conducting body in communication 
with the earth be introduced between the two leaves, induction 
now takes place from the inner surface of the leaves towards it, 
and they instantly collapse. Many amusing electrical experi- 
ments have been contrived upon tlie principle of induction : — 
light figures, placed on a conducting surface under an electrified 
plate, are made to dance by alternate attractions and repulsions. 
If a number of strips of paper be supported in the centre of a 
room, by attaching them to a wire which is in connexion with 
the conductor of a powerful machine in action, they will rise up 
and diverge in all directions, towards the ceiling, the walls, and 
the floor, under the influence of induction ; if a conducting point 
or surface be brought near them, they will all bend over and con- 
veree towards it. 

(233) Electrophorus. — The electrophorus of Yolta is an in- 
expensive and portable kind of electrical machine which derives 
its name frona ^XeKrphv, and (popbcr carrying, in allusion to the 
manner in which the metallic cover carries electricity : it owes 
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its activity to the operation of induction, which indeed it is well 
calculated to exemplify. The instrument (fig. 1Y6) consists of a 
resinous plate, e, 12 or 15 inches in diameter, 
Fig. 176. which may be composed of equal parts of shell- 

lac, resin and Venice turpentine, melted together 
and cast into a circular cake of about an incli 
in thiclcness. Tliis cake rests on a sheet of tin- 
plate or metal, t ; it is fiiniished with a movea- 
ble cover consisting of a somewhat smaller circu- 
lar metallic plate, ii, to which is attached an insulating handle, 
The resinous cake is rubbed with warm and dry fur or flannel, 
and on then putting down the metallic cover by its insulating 
handle, a sp&rk of negative electricity may be drawn from it ; 
on again raising it, a spark still brighter, of positive electricity, 
may be obtained. On replacing the cover, anotlier negative 
spark may be drawn, and on raising it, another positive one, and 
this may be repeated for an indefinite number of times. 

Tlie action of the electrophorus may be thus explained. 
When tlie caie is nibbed, it becomes negatively electrified on 
its upper surface ; the under surface, wliien is in communication 
with the earth through the tin-plate, becomes, by induction, posi- 
tive, to a similar extent, the particles of the cake being thrown 
into a polar condition. It thus polarizes the metallic plate on 
which it rests, liberating negative electricity, and this passes ofi' 
to the earth, whilst the metal preserves a positive charge, which, 
being retained by induction, is not perceived until the inductive 
action of tlie upper surface is directed to the metallic cover. If 
the metallic cover be now brought down upon the upper surface 
of the cake, it touches the resin on a few points only, and from 
the inferior conducting power of the resin receives but little 
direct negative charge from the contact ; instead of this, the 
under surface of the metal becomes positive by induction from 
the resin, whilst upon its upper surface a cori-espondin^ amount 
of negative electricity is set free ; this escapes in the tbrm df a 
spark, if a conductor be presented. On raising the cover after 
the escape of the negative spark, the positive electricity, which 
before was attracted to tlie lower surfiice of the metallic cover 
and held there by induction, is in excess, and it is ready to escape 
as a spark when a conductor is presented near enough to it. As 
the resin has lost none of its charge, the process may be repeated 
for an indefinite number of times.* If after the resinous cake of 
the electrophorus has been excited in the usual manner, it be 
placed upon an insulating support, and the metallic cover be 
brought aown upon it by means of the insulating handle, little or 
no negative electricity will be obtained from the upper plate on 
connecting it with the ground : but if a connexion be made 



* The correctness of this esplamition may be verified by BubstituOng for the metallic 
coyer a drcular disk of tinfoil of the same diameter, and presang it down into complete 
contact with Che resinous plate ; on removing the tinfoil it will be found lo have dia- 
cbai^ied the resinous plate complotclj ; and no chai^ nill now bo communicable to the 
insulated metallic cover un^l the surface of the rcan has been esciled anew by friction 
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between tlie upper and under metallic plate by touching one 
■with each hand, a slight shock will be felt (235), owing to the 
neutralization of the positive electricity of the lower plate by 
the liberated negative of the upper. On now raising tlie cover, 
a positive spark may be obtained, and on replacing the dis- 
charged plate upon the resin, the same series of phenomena may 
be repeated as often as the operator pleases, without exciting the 
resin anew (235). 

(234) Spread of Itiduciion. — A remarkable peculiarity in 
electrical induction has yet to be noticed. When a charged 
sphere, a, is suspended exactly in the centre of a hollow spherical 
cavity, b, fig. 177, induction diminishes in 
every direction as the square of the dis- ^"- i"'- 

tance ; hut it is quite othenvise if the 
charged ball be suspended within the hol- 
low sphere in any other position. If we 
compare radiant heat with induced electri- 
city, it will be found that the approach of 
a cold body, e, towards a source of radiant 
heat does not aifect the radiations to the 
objects around, excepting in the case of 
those which are immediately sheltered by 

its shadow, as at b, fig, 177 : not so, however, if we bring an iiu- 
insulated conductor towards a body charged with electricity. 
The approach of such a conductor concentrates the inductive 
action more or less completely upon itself, and to a con-espond- 
ing extent withdraws that action which was previously directed 
towards the surronnding, but more distant, envelope. The 
fewer are the intervening particles of the dielectric air to be 
polarized, the higlier does the polarity rise in each particle, and 
the more completely is the induction called ofl' from more distant 
objects: consequently the smaller the distance between the 
charged and the disturbing body, the more complete is the diver- 
sion. The polarity of the inteiposed air may at last rise so high 
tiiat it can sustain the tension no longer, and a spark passes 
between the two surfaces. Tl.c particles of the dielectric are in 
a forced condition, and, ]il^.e the 
coils of a spring, tend to return to ^"■' ''^^- 

their normal state. 

This important fact may lie il- 
lustrated in the following way. 
Let A, fig. 178, represent an insu- 
lated circtilar conducting plate, 
connected with an electroscope. 
Give to the plate a a small posi- 
tive chaise sufficient to cause di- 
vergence of the leaves of the elec- 
troscope ; then cause a second conducting plate, i, ■which is un- 
insulated, to approach the plate a. The leaves of the electro- 
scope wiU gradually collapse, but they will open out again, when 
B is withdrawn. In this experiment a portion of the positive 
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electricity of plate n, equivalent in quantity to tliat of the 
cliarged body, a, passes off to the earth. Owing to tliis lateral 
action, if the plate b be retained very near to a, the plate a may 
receive a considerable amount of charge, by repeated applications 
of a body feebly cliarged, provided that such body is freshly 
charged between each contact with a ; by these repetitions email 
quantities of electricity may be accumulated, and rendered evi- 
dent by suddenly withdrawing the uninsulated plate, b ; the 
leaves of the electroscope diverge, because by such withdrawal 
the whole induction is directed to surrounding objects instead of 
being concentrated upon b. An apparatus of this kind has been 
called a condenser, from its power of collecting and rendering 
visible, by repeated contacts, quantities of electricity too minute 
to be otherwise perceptible. 

(235) The Leyden Jar. — Bjy substituting a solid dielectric, 
such as glass, for the sheet of air between the plates a and b in 
the preceding experiment, a nmch higher degree of induction 
may be obtained, since the fixed position of tlie particles of the 
glass prevents them from moving off when highly charged. In 
tact, a plate of glass between two metallic surfaces constitutes an 
apparatus for storing up electricity ; and is, in its simplest form, 
the important instrument celebrated from the place of its dis- 
covery as the Leyden Jar. Excepting as a matter of convenience 
it does not signify whether the glass be flat or curved, only it is 
found more easy to manipulate with jars than 
Fjo. 179. with flat plates. The ordinary form of Ley- 

den jar is represented at o, lig. 179. It con- 
sists of a bottle, of thin glass, with a wide 
neck. A coating of tinfoil is pasted upon 
both the internal surface, i, and the outer sur- 
face o, to within three or four inches of the 
neck. The upper portion of the glass is left 
free from conducting matter in order to pi-e- 
sw-ve the insulation of the two coatings. A 
wire, surmounted by a brass knob, and sup- 
ported by a smooth plug of dry wood, serves to 
convey the cliarge to the inner coating, with 
which it is in contact. Such a jar will receive 
^^ and sustain a charge of much higher intensity 

^^BX^'m than a simple conducting surface of brass or 

sj of tinfoil of the same extent. 

^^ — tt A simple experiment will suffice to show 

^L the correctness of this statement. A single 
^^ turn of tlie machine will be suificient to cause 
a straw, b, fig. 179, suspended from the cen- 
tre of the graduated are, and attached to the prime conductor of 
the raacliine, p, to assume its utmost angular repulsion ; but if 
the knob of a Leyden jar, which need not expose a coated surface 
of an extent equal to the superficial area of the prime conductor, 
be presented as at p, it will take eight or ten turns of the machine 
■■ ! the same amonnt of repulsion ; bright sparks will 
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pass in rapid snccessioii between the knob and the conductor, if 
the two be separated bj a small interval, and on connecting the 
two coatings of the jar by the discharged rod, d (which is merely 
a jointed wire tenninating in brass bSls, and which for safety is 
insulated on a glass handle), the equilibrium is restored suddenly 
and completely with a loud snap and a brilhant spark. If the 
discharge were allowed to take place through the arms, or any 
part of the body, a sudden painful sensation, termed the eUolrio 
shock, would be experienced. The power of the Leyden jar 
may be increased by increasing its size ; and wJien it would be 
inconvenient to use jars of a large size, a similar increase in 

Eower may be obtained by placing a number of small jars side 
y side upon a sheet of tinfoil, or other conductor, which con- 
nects together all their outer coatings, whilst by means of wires 
all their inner coatings are similarly connected with each other. 
Such an arrangement of jars is called an electrical hattery, and is 
shown at flg. 190. If the jars be of uniform thickness, the 
power of the battery will be in proportion to the extent of the 
coated surface, but tlie intensity of the charge will be inversely 
as the square of the thickness of the glass. {Wheatstone, Gaoem- 
Tueni Report on, Electric Cablea, 1861, Appendix, p, 285.) 

That the charge of the Leyden jar depends upon an action of 
contiguous particles, polarization taking place across the dielec- 
tric, may be shown by taking three or four laminfe of glass, and 
placing them one above another between two metalfic plates, 
thus forming them into one compound plate, and then charging 
the whole. If tlie upper plate becomes positively charged, the 
lower one will become negative, whilst each intermediate plate 
becomes polarized, and thus transmits the inductive effect. 

As might be anticipated from this experiment, it is found that 
the charge of the jar does not reside in the coatings, which mere- 
ly act as conductors to favour the distribution and escape of the 
electricity. K a jar be fitted with moveable coatings, and then 
charged, each of the coatings may be removed by a suitable insu- 
lating support ; the coatings may be handled after such removal ; 
the jar may then be replaced in tliem, and it will give a power- 
ful spark when discharged in tlie usual manner,* 

The following experiments will elucidate the action of the 
Leyden jar when in the process of receiving a charge. Let ajar, 
A, fig. 180, be placed upon an insulating stand, and let its knob 
be brought near to the prime conductor, p, of an electrical 
machine in action ; under these circumstances it will be found 
to receive little or no charge. Wow place an uninsulated con- 
ductor, c, near its outer coating ; sparks will pass trom p to the 
knob of the jar a ; and for every spark that passes to the knob 

_ _• Tho jar, if well dried, will be foundafter this diachargo still to retain a polar con- 
dition like the cake of the eleetrophonis. After the dischai^, if the inner coating 
be withdrawn bj an insulating handle, it will give off a positive spark, and, on replacing 
the uoating, the jar may be a second time discharged ; and the same series of operations 
may be repeated Beveral times. 
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of the 1 ir, a spark -will pass from the outer coating to the uninsu- 
lated conductor c. If the jar he receiving 
positive electricity from tlie machine upon its 
interior, it will be found that an equal quan- 
tity of positive electricity is disengaged from 
the exterior. A eecjjnd uninsulated jar may 
be placed so as to i-eceive upon its knob the 
sparks from the exterior of the first ; it -will 
thus become charged to an extent equal to the 
charge of the first jar. Again, if three insu- 
lated jars be placed as in fig. 181, where p in- 
dicates the prime conductor, whilst the coat- 
ing of the last jar is brought near to a wu-e, n, 
proceeding fi'om the insulated rubber of the 
machine, for each spark that passes from the 
conductor, i-, a similar spark will be seen to pass between each 
of the jars, and between the last jar and the wire n. In thjs way 





each jar will become equally and powei-f nliy _ cliarged, although 
both the machine and the jars are completely insulated. _ 

From the foregoing experiments it is plain that a jar when 
charged, contains no more of either electricity tliMi it does m its 
neutJal condition, but tiie distributhm of the two forces is difier- 
eut. This statement may be illustrated by aid of the diagraju, 
fis 182 :— Let Ko. 1 indicate an enlarged section of the glass ^de 
^ of the jar, the partially shaded 

ft(i. 182. circles showing its particles in 

the neutral state; i represent- 
ing a section of the inner me- 
tallic coating, and o a section 
of the outer coating. Let No. 
2 be a section of the -same jar 
when a charge of positive elec- 
tricity has been thrown by the 
machine upon the inner sur- 
face, I. In this case a corre- 
sponding quantity of negative 
electricity must have passed off from the same coating to the con- 
ductor of the machine, leaving tlie superficial layer of particles 
bodily charged with positive electricity, as^shown by the white 
circles in No. 2. In order, however, that this charge of the inner 
layer may occur, it is necessary that the onter layer be uninsu- 
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lated, for reasons -whicli will be immediately explained. The 
two electricities in No. 2 are represented as tein^ accumulated 
on opposite aides of each of tlie particles composing the layers 
intermediate between the inner and outer superficial la;y-erB of 
the glass, the white half indicating the positive electricity, the 
black half the negative. Polarization of each particle of the 
dielectric glass intervening between the two surfaces is produced, 
and a quantity of positive electricity is therefore disengaged irom 
the second surface, which is exactly equal to that distributed by 
the inner coating, i, upon the first ; but unless an escape be 
afi'orded for this excess of positive electricity from the second 
surface, no charge is received by the jar, for polarization becomes 
impossible, and no appreciable amount of electricity can enter the 
jar from the machine. At the same time that positive electri- 
city is escaping from the outer superficial layer, a corresponding 
quantity of negative electricity supplies its place, consequently 
fliis layer becomes bodily charged with negative electricity, as 
indicated by the fully shaded circles. 

It thus appeal's that the charging of a jar with electricity is 
totally different from the operation of filling a bottle with a 
liquid; the electricity is distributed not in the cavity of the 
bottle, but in the substance of the glass itself. Indeed, it has 
been already stated that a flat plate will answer equally well 
with the jar, but the jar, from its form, is for the sake of con- 
venience preferred. In the experiment with the tliree insulated 
jars, an explanation similar to the foregoing one may be given : 
— A quantity of positive electricity passes from the conductor of 
the machine to the inner surface of the first jar. A correspond- 
ing quantity of the same kind of electricity simultaneously passes 
off from the opposite coating into the next jar, which in its turn 
becomes similarly polarized ; and so on in succession, nntil, from 
the last jar, a quantity of positive electricity passes to the rubber, 
exactly sufficient to neutralize the negative electricity liberated 
by tlie machine, which is necessarily equivalent to the positive 
electricity accumulated on the internal surface of the first jar. It 
is not necessary that the last jar be connected with the rubber 
directly, the same object will be attained by allowing the dis- 
'charge to take place into the earth, provided that the nibber also 
be in conducting communication with the earth. Although it is 
usual in the charging of a jar to connect the internal coating 
with the prime conductor, yet the jar may be charged equally 
well if its insulated external coating be connected with the con- 
ductor whilst the inner coating is made to communicate with the 
earth ; in this case, however, the charge on the outer surface is 
positive, whilst the inner surface becomes negative. 

Each jar in the scries, fig. 181, thus receives a charge, though 
only one has been placed in connexion with the machine ; the 
Buperfluons electricity upon the outer coating of tlie first having 
charged the second, and so on. If the insulations be good, and 
the glass of the jars thin, the last jar will be charged very nearly 
to the same extent as the first. 
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When all the jars have been thus cliarged, all will be sinml- 
taneously discharged if the inner coating of the first jar be con- 
nected with the outer coating of the last ; but although no 
greater amount of electricity passes between the two extreme jars 
than would have passed between the inner and outer coating of 
a single one, the distance through which the spark passes is very 
much greater, and for equal charges it is found to increase as the 
number of jars thus discharged : if a spark of one inch in length 
be obtained with one jar, with two jars the spark would be 2 
inches, with four, i inches, and so on. In practice the distance 
is something less, because, ovring to imperfect insulation and to 
the resistance of the glass to receive a charge, each succeeding 
jar receives a somewhat weaker charge than the one which pre- 
cedes it, 

(336) Measures of Eleci/riciiy. — It is upon the principles just 
explained that Snow Harris has constructed his Unit jar, for 
measuring out definite quantities of electricity. The unit jar is a 
miniatvire Leyden jar mounted on a slender insulating rod of 
glass. Attached to the outside of the jar is. a wire terminating 
m a ball, a, fig. 183, parallel to the usual wire and ball which 
passes to the interior ; on the wire 
*'■*'• ^^^- connected with the inside, is a third 

sliding ball, h — this can at pleasure 
be brought to any required distance 
from the ball, a, whicn is connected 
with the outside : whilstthennit jar 
is becoming charged from the ma- 
chuie (say that its outer surface is 
rendered positive, as represented in 
the figure), an equal quantity of 
positive electricity IS passing ofi" from 
the interior along tne wire, w, at- 
tached to the inside of the jar, b, 
which is to be loaded with a definite 
quantity ; as soon as tlie charge in 
the unit measure rises sufficiently 
high, it discharge's itself between the 
adjusted balls, a, J, without affecting 
the charge in the jar, b. A second charge is now given to the 
unit j ar, which discharges itself when it rises to the same amount 
as before : during each successive charge of the unit jar, a cor- 
responding quantity of positive electricity passes from ite exte- 
rior into B, so that "by counting the number of sparks that pass 
between a and S, the number of equal quantities or arbitrary 
units which have been given to the jar, n, is ascertained. Sup- 
posing the adjustment of the balls, a and 6, to remain the same, 
the jar n may bo made to receive, for any number of times suc- 
cessively, equal amounts of electrical charge, by causing an equal 
number of discharges of the unit jar to take place in each case. 

Other means have been proposed for ensuring an equal accu- 
mulation of electricity in ajar. Zow"'" //ia^hjivmnn A&MfMnidj^ 
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18 the simplest of these. One form of this apparatus is sliown in 
fig. 184 : its principle of action will be at once apparent, l is 
an ordinary Leyden jar, in the ball, a, of wliich 
a hole is drilled to receive the brass pin of the *"'"■ ^^*- 

electrometer ; a bent glass arm, b, carries upon ' 

its lower extremity a brass socket, c, through 
which slides an insulated rod ctu-rying a braids 
knob on either extremity ; one of these balls, f 
can be placed at any required distance from the 
khob of the Leyden jar. A chain or wire, «■ 
effects a commimication between the sliding ro<i 
and the outside of the jar. If the interval be- 
tween A and /"be maintained uniform, the jar 
will always require the same amount of charge . 
before the discharge takes place between these 
two balls, A aud /. Tiie quantity of electricity 
in the charge is proportioned to the distance between the balls : 
with an interval of half an inch the force would be double that 
required when the distance was only a quarter of an inch. 

The force of attraction between two charged surfaces has 
been measured by an ingenious modification of the common bal- 
ance devised by Snow Harris, A light disk of gilt wood is sub- 
stituted, as shown in iig. 185, for one of the pans of the b 





beneath it is a second similar insulated ditjk the buspended disk 
and the balance beam, through its sopport, are connected with 
the exterior of a Leyden jar, and the lower insulated disk with 
the interior of the jar. By charging the Leyden jar with definite 
quantities of electricity by means ol the unit jar, the laws whicli 
regulate the attractive force were experimentally determined. 
One or two of the more important results may be given as an il- 
lustration of the mode of proceeding. 

If a Leyden jar charged with a certain quantity of electricity 
produce between the disks an attractive force sufficient to raise 4 
grains, it will when charged with double the qiiantity raise four 
times the amount or 10 gi-ains ; with three times the quantity it 
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will raise nine times the amount, or 36 grains ; consequently, if 
the extent of eliarged surface continue constant, tlie attraction 
increases as the sqnare of the quantity. 

When two equal and similar jars are used instead of one jar, 
and the same quantity, say ten units, is distributed over them, 
the attractive force will be diminished to i, and with three jars 
to ^ of what it was when a single jar was employed, For in- 
stance, a quantity which on one jar would raise 18 grains, would, 
if diffused ovei- two similar jars, raise only 4J grains ; and ^ 
diffused over three, it would raise only 2 grains. If, therefore, 
the quantity remain constant, the attractive force is inversely as 
the squares of the charged surfaces of the jars. When the dis- 
tance between the disks was altered, it was found, for charges of 
equal intensity, that the attractive force varied inversely as the 
square of the distance, — ^the attractive force being 4 tjmes as 
great at 1 inch, as it was at 2 inches, distance. 

, , (237) Specific Induction. — It has been shown that the induc- 
tion between two conducting plates, one of which is insulated 
while the other communicates with the earth, is facilitated by 
diminishing the thickness of the dielectric which separates them, 
and that the insulated plate is enabled to receive a higher 
amount of charge by reducing the number of particles of the 
dielectric which undergo polanzation. It is evident from this 
circumstance that the polarization is attended with a certain 
amount of resistance. Faraday discovered that this resistance 
varies in amount with the material of the dielectric employed ; 
some substances beeoming poJarized more readily than others. 
The relative facility of induction through the different bodies as 
compared with a common standard constitutes their ^eeific in- 
duohve capacity. A plate of shell-lae, for example, of an inch m 
thickness, allows induction to take place across it twice as readily 
as does an equal tliickuras of atmospheric air, and sulphur with a 
facility equal to that of shell-lac. 

The following table represents, according to Snow Harris 
{Phil. Trans., 1842, p. 170), the specific inductive power of 
various bodies : — 

Specific Induction. 

Air 1-00 I Glass 1 "0 

Resin... VII Sulphur 193 

Pitch , 1-80 Shell lac 1 '»5 

Bees'-wai 1-86 | 

The fundamental fact may be shown by the following simple 
experiment {fig. 186). About 1-^ inch above the cap of a gold- 
leaf electroscope suspend an insulated disk of metal, and com- 
municate a small charge to the insulated disk ; the gold-leaves 
immediately diverge by induction. Between the disK and the 
electroscope substitute for the dielectric air, a body the specific 
induction of wMch is greater than that of air, such, for example, 
as a plate of shell-lac, s, an inch in thickness, and mounted on an 
insulated handle; the leaves will immediately diverge more 
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widely, tecause induction towards the 
instrument takes place more freely ; on 
removing the eliell-lac the leaves of the 
electroscope return to their original di- 
vergence. The effect is precisely simi- 
lar to that which would be produced by 
bringing the charged plate nearer to the 
electroscope in air. Similar phenomena 
occur if a mass of sulpliur or of resin be 
substituted for tlie shell-lac. 

In good conductore no such polariza- 
tion can be traced, and in imperfect con- 
ductors, such as spermaceti, the results 
become indistinct. 

Witli gaseous bodies no difference in 
specific inductive power is found to ex- 
ist: it is remarkable that the eliemical 

nature of the gas has no influence ; all gases having the same 
inductive capacity as common air. No variation in temperature, 
in density, in i^rness, or in moietore, produces any change in 
this respect. \Tae apparatus with which Faraday investigated 
these curious phenomena was a kind of Leyden phial (fig, 187), 
consisting of two concentric metallic spheres, 
A, A, insulated from each otlier by a stem of *"'" '^' 

sbell-lac, b. Any dielectric could in succe'. 
sion be placed between the spheres, wl ethei 
the subject of experiment were solid liquid, 
or aeriform, as by connecting it with the 
air-ppmp by means of the stop-cock, s it 
could be exhausted, and the internal filled 
with any gaseous medium, with the same 
facility as with a liquid {Phil. Tran'i , 1838 
p, 9), Two of these jars having been pre 
pared, a char^ was given to one of them 
after it had been filled with the body the m 
doctive capacity of which was to be deter 
mined, and the charge was then divided with 
the second similar apparatus, in which the 
interval between the spheres was filled with 
air only. The intensity of tlie chargt, m 
each case was measured by means ol i car 
rier-ball and Coulomb's electrometei 

(238) Various Modes ^ Dischmqe — 
We pass on now to consider the different __ 
modes in which the electric equtlibnum ib 

restored after it has been disturbed this restoration may be 
effected in one of three ways, for the exdted body miv be dis 
charged either by («) conduetion, b\ (J) disruption, or hj (c) 
WTwection. 

(239) a. Conduction. — ^When a charged Levden jar is dis 
in the usual way through a di&chirging lod, the electn 
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city pass^ quietly tlirougli tlie wire of the discliarger by condue- 
tion, but traverses the interposed air by disruption, in the form 
of a spark attended witb noise. 

All bodies, sliell-lac and glass not excepted, possess a certain 
amount of conducting power, which gives rise to the phenomenon 
termed the residual charge of a jar, or battery. If a jar be 
charged strongly, and allowed to remain undisturbed for a few 
minutes, and then be discharged, a slight apparent renewal of 
the charge will take place, ana a second smaller spark may be 
obtained from it. This Faraday considers to be due to the pene- 
tration by conduction of a portion of the ciiarge into the sub- 
stance of the dielectric. Each surface of the glass acquires a 
weak charge, one of positive, the other of negative electricity ; but 
as soon as the constraining power which caused this penetration 
of the electricity is removed, it returns towards the nearest sur- 
face and produces the slight recharge, or residual charge. 

As no bodies are perfect "insulators, so none are perfect con- 
ductors, for even the metals offer a certain measurable resistance 
to the transmission of electricity. The following experiment will 
serve to illustrate this point. Charge a large Leyden jar(fig, 188), 
and arrange a metallic wire. 
Fig. isfi. w, 50 or 100 feet in length, so 

as to act the part of a dis- 
charger ; at the same time 
open a short path for the dis- 
charge to the outer coating, 
by bringing the balls a and J 
within a short distance of eacli 
other. Under this arrange- 
ment, a portion of the electri- 
city takes the shorter course 
from a id h, and overcomes the high resistance of the stratum 
of air interposed between the balls, owing to the resistance ex- 
perienced by the discharge to its passage along the continuous 
conducting wire, w. 

This resistance, even in good conductors, often occasions the 
spark to pass between two contiguous conductors, and produces 
what has been called the lateral spa/rk^ which can be elicited. 





n if the conductors subsequently unite below. Thus, in iig. 
, at the moment a spark passes from p to the ball, a, a minute 
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Bparli: will be seen to pass between the wire and the loop, &, if 
they be feufficiently near each other. This lateral spark may ac- 
quire sufficient power to ignite gunpowder or other comhustible 
matter. In fact, momentary as is the daration of the discharge, 
induction taies place towards all surrounding objects whUat 
electricity is in motion, aa well as when it ia at rest. 

If in a darkened room a thin insulated wire be made to ter- 
minate at each extremity in a metallic hall, and on one ball 
large sparks be thrown, whilst from the other ball the sjiarks are 
allowed to pass off to some contiguous coudactor, the air wiU be 
seen to become feebly luminous from induction along the whole 
course Of the wire every time that a spark passes. 

(240) Development of Heat. — The passage of electricity through 
conductors is attended with evolution of heat, the amount of 
whicli is inversely as the conducting power. Snow Harris (Phil. 
Throws., 1827, p. 21), by means of an air thermometer with a lai-ge 
bulb, across wTiich were passed in- succession wires of differtait 
metals but of equal length and thickness, found that when equal 
quantities of electricity were discharged through these wires, the 
iieating effects were as follows. The metale which stand first on 
the list are the hest conduclors, and they emit the least heat : — 

Development of Meat m Metals ly ElLiIri<.ity 
Alloys 



Platinum 30 



Gold 


, Copper 1 


Gold 


, Copper S 






Tin! 


Leadl 


Tinl 


Copper 8 



It will be seen that by alloying the metals with each other, 
the conducting power is often greatly reduced Gri,it caru 
should therefore bo talcen to ensure the purity of the metals in 
experiments of tliis nature. 

If different quantities of electricity be transmitted through tlie 
same wire, it is found that the rise of temperature is proportional 
to the square of the quantity transmitted in equal times : for 
example, if the thermometer, with a given charge, rise 10°, a 
charge of twice the power will raise it four times as much, or 40°, 

By sufficiently reducing the thickness of the conductor at ont 
part of the circuit, the heat may be raised so far as to fuse the 
wire, or even to convert it into vapour. 

The amount of electricity required to produce this effect, when 
measured by a unit jar, is found to be equally powerful whether 
it be diffused over a large or small surface ; the intensity {^. e. 
quantity which passes through a given space in a given time) is 
the same in the wire in both cases, though the intensity of the 
charge on equal surfaces of the jar ia very different. "Where 
large quantities of electricity are needed, a corresponding extent 
of coated surface is requisite ; this may he obtained either by 
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employing a single jar of large dimensions, or several smaller 
ones, the inner surfaces of which are connected by wires, and the 
outer surfaces likewise united by placing them upon a sheet of 
tinfoil, or on a metallic tray. By discliargjng such a battery 
through thin metallic wires — of silver, steel, platinum, or copper, 
for instance — they will he fused and dispersed. 

The arrangement represented in fig. 190, ehowe one method 
of employing such a 
^■i«- ISO' battery for the deflagra- 

tion of metallic wires : 
nine jajs are in this case 
represented ; they are 
enclosed in a wooden 
case, B, and rest on tin- 
foil, which communi- 
cates \ffith the earth 
through the chain c. 
The battery is charged 
from the prime conduc- 
tor p. Tiie internal 
coatings of all the jars 
are connected by cross 
wires. In order to di- 
rect the discharge of the battery i wire passes from its inner 
coating to the msulated upper arm /, of the discharger A, a second 
wire passes from the I all b, to one of the insulated wires on the 
stand of the untver&al discharger d. The wire for deflagration, 
w, is fastened to a card which is also supported on a Jittle stand 
iusulated by glass ; and the communication with the external 
coating of the battery is continued by a wire connected with the 
other insulated support of the universal discharger d ; thus the 
conducting communication is complete with the exception of the 
interval between a and b. When the battery is adequately 
charged, the lever I is withdrawn, the ball a and its attached 
wire are thus released, and fall through a hole in the metallic 
anny, which is connected with the inner coating, and the circuit 
is completed when the balls a and i come into contact. 

It must be observed that in all cases of conduction the charge 
passes through the whole thickness of the rod or wire, and is not 
confined to its surface : it therefore makes no difference wlieth^r 
the metal is in the form of wire, or is extended over a large sur- 
face as leaf. The induction at any part of the wire during the 
discharge is mainly from one transverse section of the wire to the 
contiguous section that immediately precedes and that follows it. 
The dispersion of the conductor by the passage of high 
charges of electricity leads us to consider next what Faraday 
terms tlie disruptive discharge. 

(241) h. Disruptive Dischojrge. — This mode of discharge is 
attended by sudden and forcible separation of the particles of the 
medium tlirough whicli it occurs ; and it ia attended with extri- 
cation of light and heat. It is best seen between two conductore 
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separated by a dielectric, ancli aa two metallic balls in air. In 
these cases, when a sudden bright spark passes, tlie discharge is 
as complete as it' it had been effected by direct metallic commu- 
nication. The particles of the intervening dielectric are brought 
Tip to a highly polarized state, until at length the tension on one 
particle rising higher than the rest, and exceeding that whieli it 
can sustain, it breaks down ; the balance of induction is thus 
destroyed, and the discharge is completed in the line of least 
resistance* 

In all these cases, portions of the solid conductors are de- 
tached, and by their ignition increase the brilliancy of the spark. 
This transfer of material particles by the spark is easily proved, 
for if sparks be caused to pass between a gold and a silver baU, the 
surface of the gold becomes studded witn particles of silver, and 
vMe versd. If an iron chain be laid on a sheet of white paper, 
and a powerful discharge be sent through it, each link will leave 
upon the paper a stain, arising from the portions of the metal 
which have been detached ; and if tlio dischai^e be effected over 
a plate of glass, particles of the metal are frequently foi'ced into 
it. The experiment may be varied by suspending the chain in a 
dark room, and passing the discliarge througli it ; brilliant defla- 
gration of the iron will be seen at each link. 

If the sparks be taken between wires composed of different 
metals, and the light of each spark be viewed through a prism, 
the spectrum will in each case exhibit the bright lines due to the 
light of the corresponding metal in the state of vapour (107). 

Sparks attended with disruption may also take place in the 
midst of liquid dielectrics. More rarely disruption from the force 
of the discharge occurs in solids : occasionally this is exemplified 
in the Leyden jar itself, the tension upon the glass now and then 
rising so high that the glass is perforated. Across this fracture 
discharge always afterwards occurs ; so that no effective charge 
in a battery can be maintained tiU the cracked jar is removed. 
This disruption of glass may be produced at pleasure by bending 
a wire bo that its point may press against the side of a tube or 
other vessel filled with some liquid dielectric, such as olive oil. 
On charging the wire from the prime conductor, and applying a 
ball to the outside of the tube opposite the end of the wire, a 
spark passes, and a minute perforation is produced. 

Great expansion of the air occurs from the heat developed at 
the moment of the discharge, as is shown in 'the following experi- 
ments. Paste a strip of tinfoil on glass, cutting it through in 
two or three places with a knife ; place a few wafers or other 
light bodies over the interrupted points, then discharge a jar 
through the tinfoil, and the wafers will be immediately scattered 
in all directions. If a card or half quire of paper bo placed in 
the direction of its thickness in the track of the discharge, the 
card or the paper will be burst outwards on both sides. 

Many pleasing experiments may be made by causing a suc- 
cession of discharges to occur through such interrupted conduc- 



,y Google 



40 VELOCITY OF THE ELECIKIC DISCHARGE. 

tors : a beautiful display of the electric light may tliua be ex- 
hibited in a darkened room. 

(242) Velodty of Discharge. — Of the velocity of the epark 
discharge some notion may he formed from the brief duration of 
ita light, which cannot illuminate any moving object in two bug- 
ceasive positions, however ra^id its motion. If a wheel be 
thrown into rapid rotation on ita axis, none of its spokes will be 
visible in daylight, but if the revolving wheel be illuminated in 
a darkened room by the discliarge of a Lcyden jar, every part of it 
wOl be rendered as distinctly visible as though it were at rest. 
In a similar manner, the trees even when agitated by the wind in 
a violent storm, if illuminated at night by a flash of lightning, 
appear to be absolutely motionless. 

By a very ingenious application of this principle, Whcatatone 
has shown that the duration of the spark is less than the one 
millionth part of a second. The apparatus is the same in princi- 
ple as the revolving wheel. 

By a modification of the apparatus, "Wheatstone was also 
enabled to measure the velocity with which the discharge of a 
Leyden jar was transmitted through an insulated copper -wire. 
He estimated the rate of its passage at 288,000 miles in a second 
{PhU. Trwns., 1834, p. 589). For this purpose he employed an 
insulated copper wire about half a mile long, through which a 
Leyden jar was discharged. Tiiis insulated circuit was inter- 
rupted at three points ; one of these interruptions was within a 
few feet of the inner coating of the Leyden jar ; the second was 
in the middle of the wire, and the third within a few feet of the 
outer coating of the jar. The parts of the wire at which these 
three breaks in the circuit occurred were all arranged side by 
side on an insulated disk, eo that the three sparks eould be seen 
simultaneously. In fig. 191 a wire is represented as proceeding 




from the knob of the jar to an insulated rod ; when the charge 
attams a Lcrtim intensity, a spark passes between this rod and a 
small knob attached to the axis of a revolving mirror, m : to one 
extremity of this axis, the wire which passes to the outer coating 
is fastened; but the discharge ie made to traverse the whole 
length of the two intervening long contorted portions of wire, 
before it reaches tlie outside of the jar. The three sparks, if 
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viewed ty the naked eye, appear to be simultaneous. If viewed 
through the elass plate, e, in a small steel mirror, m, to which is 
given a regulated but extremely rapid revolving motion on an 
axis parailet to its surface, the spaife appear no longer as dots 
of light in the same horizontal line, but present the appearance 
of three bright lines of equal length. The two outer ones com- 
mence and terminate in the same horizontal line, but the middle 
one occurs later than the other two, and the angular position of 
the mirror has had time slightly to advance before the middle 
spark appears, which consequently exhibits an ima^e slightly 
displaced. As the velocity of rotation of the mirror is recorded 
by tlie register, S, and the amount of this angular deviation of the 
image of the central spark is easily ascertained, the retardation 
of the discharge by the copper wire, or, in other words, the velo- 
city with which it travels along it, can be estimated. 

This experiment has anotlier important signification, to which 
due weight appears hardly to have been given ; for it affords a 
convincing proof of simultaneous action and reaction in the oper- 
ations of electricity, and of its existence as a duplicate force : at 
the same moment that a positive influence leaves the inner coat- 
ing, an equal amount of negative influence leaves the outer coat- 
ing, and these two neutralize each other at the central point of 
the conductor, after the lapse of an extremely minute but still 
appreciable interval of time. It appears from this experiment 
that Franklin's theory (327), though m many cases a simple and 
convenient mode of explaining facts, is not the true representa- 
tion of the phenomena. The theory of two fluids, or rather of 
two forces acting in opposite directions, seems by this experiment 
to be demonstrated. 

The velocity of the electric discharge is, however, found to 
vary with the intensity of the charge, and with tlie nature of the 
conducting medium (Faraday, J*hil. Mag., March, 1854). The 
duration of the discharge may be prolonged by causing it to take 
place through bodies of inferior conducting powers. A charge 
of a given amount, if transmitted slowly, may, by the prolonged 
period through wliich its heating powers can be applied to a 
combustible, be made to ignite bodies, which the same charge, 
if more quickly transmitted, would only have dispersed :— for ex- 
ample, let two metallic wires be brought within an eigiith of an 
inch of each other, and let a little loose gunpowder be placed 
over the interval— the powder will simply be dispersed if the 
charge of a Leyden jar be sent through tlie wires ; but if a few 
inches of wet string be intci-posed in any part of the circuit, the 
discharge will he prolonged sufliciently to fire the powder. 

(243) Striking Distance. — In air, whatever be its density, the 
same amount of charge produces, eceteria parilua, induction to 
the same extent. But the distance throngh which the discharge 
of equal quantities of electricity takes place in the same gaseous 
medium, varies inversely as the pressure. This might be antici- 
pated, since under a double pressure double the number of parti- 
cles of air would exist in the same space, and the polarity would 
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therefore "be transinitted through douhle the quantity of insula- 
ting matter : — so that, if a given charge in air of ordinary density 
pass as a spark at 2 inches, at double the ueuai pressure the strik- 
ing distance would be reduced to 1 inch ; at a pressure of one 
half it would be increased to 4 inches ; at one quarter, to 8 inches, 
and so on, until in vacuo theoretically it would pass through an 
unlimited distance. Experiment, however, has shown that a cer- 
tain portion of matter, tnough it may he attenuated to an extent 
almost beyond the limits of calculation, is necessary for the trans- 
mission of the electric discharge (312). If the density of the air 
continue to be constant, it is found that the striking distance 
varies directly as the intensity of the charge. For example : if 
with a certain charge the striking distance bo 1 inch, a double 
charge will discharge itself through 2 inches, and a threefold 
diarge through 3 inches (Harris). For equal quantities of elec- 
tricity the striking distance is inversely as the extent of charged 
surface ; so that, when a single jar is charged with a quantity of 
electricity sufficient to produce a discharge at y^ of an inch, on 
employing 2 similar jars witli the same quantity, the striking 
distance is reduced to [\, and with 3 similai; jars to f% of an inch. 
For equal chains, the striking distance, however, varies in dif- 
ereut gases, independently of their relative density, so that each 
gas has a specific insulating power. Hydrochloric acid has twice 
the insulating power of common air, and three times that of hydro- 
gen of equal elasticity. This is in striking contrast to the equality 
of inductive capacity (237) in all gases. 

This inequality of insulating power was proved by Faraday 

by opening to the same charge two separate paths, one of them 

through air, the other through a receiver filled with the gas which 

was to form the subject of the experiment, as shown in fig. 192. 

The distances between the halls were 

*''"■ ^^^- varied until the discharge took place 

I'*" with equal facility in both receivers ; 

the same charge was thus found to 

traverse double the distance in air that 

it did in hydrochloric acid gas. 

Karefaction of air, whetner effected 

by heat or by mechanical means, equal- 

tt © I 'y favours the electric discharge. A 

- T . ..i, J ... T ...L jai" may consequently he discharged 

*- , J through several inches of a common 

flame, in which the air is rarefied by 
heat to nearly six times its ordinary 
bulk, the temperature of flame according to Becquerel's experi- 
ments being nearly 2200° F. A flame also acta by its pointed 
form in dissipating a charge with great rapidity, and its prox- 
imitv shoidd be avoided in exact experiments. 

Dissipation of the electric charge in drj- air according to Mat- 
teucci is not increased by agitation of the air. Further, if the 
gases are all perfectly dry, and at the same temperature and 
pressure, the dissipation of the charge takes place with equal 
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rapidity in air, in carbonic acii], and in bydrogen. As the tem- 
perature rises, the dissipation of the charge increases in rapidity, 
the loss of the charge being twice as rapid at 64° as at 32° F. If 
the density of the air be reduced, the intensity of the charge 
which an insulated body will retain is reduced also, but the dissi- 
pation of the charge is very much diminished. Matteucei found, 
when an electroscope, feebly charged, was placed in a receiver, 
exhausted till the pressure was reduced to O'llS inch of mercury, 
tliat the divergence remained imaltered after a lapse of two days. 

The form and size of the spark depend upon the shape of the 
discharging surfaces almost as much as upon the intensity of the 
charge. Between the rounded parts of the prime conductor and 
a large uninsulated metallic ball dense brilliant sparks pass ; 
whilst if the same ball be presented to a wire which projects three 
or fonr inches from the conductor, and which terminates in a ball 
an inch in diameter, a Ion", forked, and often branching spark, 
resembling a miniature flasu of lightning, will tie obtained. 

When disruptive dischasge occurs between a good conductor 
of limited surface and a bad one which exposes a lareei' surface, an 
intermitting and dilute spark or hritsh passes, which, when it 
occurs in air, consists of a rapid succession of discharges to the 
particles of air around : such a brush has a bright root with pale 
ramifications, attended with a quivering motion and a subdued 
roaring noise. Such brushes are well seen when, the machine 
being in powerful action, the conductor is made to discharge 
itselt into the air by means of a blunt rod which projects from it. 
The brush is largest from a vitreously charged surface, such as 
the prime conductor of the machine. From a negatively charged 
surface this discharge occurs at a lower tension, and more resem- 
bles a bright point or star of light. The formation of brushes is 
facilitated by rarefying the air around the charged points. 

Some remarkable aifferences have been observed between the 
positive and the negative spark : for equal intensity of charge, 
the striking distance, between a good conductor positively 
charged and an inferior eondni^tor, is greater in air than from 
the same conductor negative'" charged, as may be seen in using 
the electrophorus. The greitter facility with which positive elec- 
tricity traverses the air may also be shown in the following man- 
ner ; — Colour a card with vermiiion ; unscrew the balls, a, 5, 
from the discharger, fig. 190, and place the points on opposite 
sides of the card, one about half an inch above the other; dis- 
charge a large jar through the card. It wiU be perforated oppo- 
site the wire attached to the negative coating, and an irregular 
dark line of reduced mercury will be found extending on the 
positive side to the point of the positive wire. If the experi- 
ment be made in vacuo, the perforation will be formed midway 
between the two wires. The distinction between positive and 
negative electricity is also beautifully shown by what are termed 
Licbtenberg's figures, which may be obtained aa follows : — Dry 
a glass plate, and draw lines on it with the knob of a positively 
charged jar, then sift over the plate a mixture of sulphur and 
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minium in fine powder ; on inverting the plate tlie mimum -will 
fall oS and leave traces of the lines in sulphur. If the experi- 
ment be made with a jar negatively charged, the minium will 
adhere to the traces, whilst the sulphur will fall off. The ex- 
planation is very simple ; hy the friction in sifting, the svilphur 
becomes negatively, tne red lead positively electric, and thus the 
sulphur attaches itself to the positively electrified lines upon the 
glass, and the minium to the negatively electrified lines, in ac- 
cordance witb the usual law of electric attraction. The experi- 
ment may also be varied in the following way : — Tate two circu- 
lar trays of tin-plate half an inch deep and 13 or 14 inches in 
diameter, fill them with melted resin and allow tliem to cool ; 
cause sparks of positive electricity to fall in 8 or 10 places upon 
one plate, and sparks of negative electricity in like manner over 
the other ; on eifting a little brickdust over the two plates, the 
dry powder will assume the appearance of brushes over the plate 
electrified positively, and of oval or circular patches upon the 
n^atively excited plate. Other rem^kable differences between 
the sparks from positive and negative surfaces will be mentioned 
when noticing the modified discharges through exhausted tubes 
(312). 

The colour, light, and sound of the electric spark and brush 
vary in different gases (106), the brush being larger and more 
beautiful in nitrogen than in any other gas, and its colour ^is 
purple or bluish. The sparks in oxygen are whiter than in air, 
but less brilliant. In hydrogen they are of a fine crimson colour. 
In coal-gas they are sometimes green and sometimes red ; occa- 
sionally both coloui-s are seen in different portions of the_ same 
spark. In carbonic acid the sparks resemble those taken in air, 
but they are more irregular and pass more freely. „ 

(244) e. Convection. — With a feebler charge the sonorous 
brush is replaced by a quiet glow, attended in this case with a 
continuous dispersion ot the charge. The process of disruptive 
discharge thus gradually passes into the third method— viz., that 
by convection. When the glow is produced, a cun-ent of air, the 
particles of which are individually charged, passes from the 
charging surface. The course of this current may be exhibited 
by its action on the flame of a taper, which will often be extin- 
guished if brought near an electrified point -which is connected 
with the madiine in action; and light models may be set in 
motion by it. If the production of the current from the point be 
prevented, as by sheltering the pointed wire in a varnished glaes 
tube, the brush or glow may be converted into a series of small 
sparks. These currents may take place in liquid dielectrics as 
well as in gaseous ones. Let a piece of sealing-wax be fixed on 
the end of a wire and attached to the conductor of a machine in 
action ; if it be softened by the application of the flame of a spirit 
lamp, it will be thrown off in filaments towards a sheet of paper 
held near it. Solid insulated particles may also be the medium 
of convective discharge, as is seen when pith-balls or other light 
substances are attracted and repelled by electrified objects ; and 
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in delicate experiments even the particles of dust floating in tbe 
atmosphere are not without cfi'ect in charging or discharging the 
apparatus employed. 

The process of convection assumes considerable importance in 
the phenomena of voltaic electricity, where it is intimately con- 
nected with chemical decomposition. (281 etseq) 

('245) Other Sources of Electricity. — Hitherto we have limits 
ed our attention to cases in which electricity is excited by the 
friction of dissimilar substances. The development of electricity 
by friction is, however, but a special case of a much more general 
law, for it has been found that, whene n 1 ul equiiibnum 
is disturbed, a concomitant develoi n t f 1 tricity takes 
place. The following instances wUl xh 1 t t! ariety of cir- 
cumstances under which this observat n 1 a bee made. The 
mere compression of many crystall el b d attended by 

electric action : a rliombohedron of I la d j f compressed 
by the fingers, exhibits this peculiarity. It is also tound that all 
bodies that have been pressed together, if properly insulated, 
offer signs of electricity on being separated ; although the efiect 
is most easily observed between a good conductor and a bad one. 
The two bodies are always in opposite states. Even where two 
disks of the same substance are pressed together, if one be a little 
wanner than the other, distjnct excitement is -produced, the 
warmer disk becoming negatively electrified ; the intensity of the 
charge, c(Bteris paribus, increases in all cases directly as the pres- 
sure to which thev are subjected. 

Fracture is lifcewise attended with electric disturbance ; the 
freshly broken surfaces of roll sulphur often exliibit this effect 
to an extent sufficient to produce divergence of the leaves of the 
electroscope when the fragments are placed upon the cap of the 
instrument. The sudden rending asunder of the laminiE of a 
film of mica in a dark room, is usually attended with a palo elec- 
trical light, and the separated portions in this case exhibit oppo- 
site electrical states. A melted substance in the act of solidify- 
ing, sometimes exhibits electric excitement. If sulphur be 
allowed to solidify in a glass vessel, it becomes negatively excited, 
whilst the glass is rendered positively electrical ; ice also is fre- 
quently electric ; and the same thing lias been observed of choco- 
late as it becomes solid. These results are probably due to fric- 
tion occasioned by the contraction or expansion of the solid mass 
in the mould, from which it detaclics itself by this change of 
bulk. 

In some instances simple elevation or depression of tempera- 
ture causes electric excitement. These effects are most distinctly 
seen in crystallized non-conductors which are not symmetrical in 
form, being produced in bodies which are hemihedral. Tourma- 
line, boracite, and the crystals of tartaric acid, offer the best ex- 
amples of this description. The tourmaline, for instance, com- 
monly assumes the form of a three-sided prism, the edges of which 
are replaced by two narrow planes. The extremities of the 
crystal are formed by the three faces of the rhombohedron, No. 
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1, fig. 193, ebows the end of tlie crystal which becomes positive 
by heat ; No. 2, the opposite end of the crystal which becomes 
negative. If a crystal of 
toui-maline be gently lieat- 
ed, it becomes powerfully 
electrical whilst the tem- 
perature is rising, one ex- 
tremity, termed the analo- 
gous pole, becoming positive, 
the other extremity, otanti- 
logons pole, becoming nega- 
tive,* Wben the tempera- 
ture becomes stationary, the electric excitement ceases : as the 
crystal cools the effect returns, but the electric polarity is re- 
versed ; the end of the crystal that before was positive now 
becomes negative. The particles of the mineral are electrically 
polarized throughout the whole mass ; for, if the ciystal he 
broken while thus electrified, each fragment retains its polarity, 
being negative at one end and positive at the other. In fig. 194, 
No. 1 represents a tourmaline 
FiG. 194. in which the temperature is 

2 A .j*;,!;^ ■ ^^ B rising uniformly; No. 2 the 

same tonrmaline in which the 
temperature is falling uni- 
formly ; and No. 3 shows 
the effect upon a cooling 
tourmaline which has been 
broken across. If the tourmaline be delicately poised upon its 
centre whilst cooling, these electric states may be rendered ap- 
parent by bringing an excited glass tube near to the mineral; 
one extremity will be attracted by the excited glass tube, while 
the other extremity will be repelled. If one end of the crystal 
be connected with the cap of a sensitive gold-leaf electroscope, 
whilst the other extremity is in conducting communication with 
the earth, the gold leaves will diverge. 

(246) Chemical Action. — No chemical elmnge takes place with- 
out the development of electricity. If a clean platinum capsule 
be connected with a sensitive electroscope and condenser, and_a 
liquid which has no chemical action on platinum be placed in 
the capsule, no change shows itself; but if any other more oxidi- 
zable metal in conducting connexion with the earth be dipped 
into the liquid, the liquid becomes -oery feMy hut positively elec- 
trified, whilst ike metal which has heen acted upon hy it hecomes 
negative. The intensity of the chemical action in this form of 
the experiment has no influence iipon the extent of electric ex- 
citement displayed. If zinc be the metal employed, and pure 
water the liquid, the signs of electric action are just as powerful 

• The crystal must not be too strongly heated,— about 300° F. being the best point ; 
if lieated verj stroj^ly, as to 150°, or bejond, the tonrmaline becomes a conductor for 
a time ; it resumes its insulaUng power on cooling, but is rendered hygroscopic till after 
it has been washed and dried at 800°. (Gaugain.) 
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as if Bulpliuric acid were substituted for the -water in the capsule; 
for the metal and liquid being both good conduetoi'S, almost the 
whole of the two electricities liberated, immediately neutralize 
each other, instead of j>asaing one to the condenser, the other to 
the earth. 

Electricity is also developed during the process of combus- 
tion ; carbon, for example, becoming n^atively electric, whilst 
the carbonic aoid is positiv-e. In like manner liydrogen in the 
act of burning was found by Pouillet to be negative, whilst the 
vapour produced by it was positive. 

(247) Electrieity of Vapour. — The act of evaporation has also 
been asserted to be one of the sources of electricity, but the truth 
of this statement is doubtful. It is true that if a few dropa of 
water fall upon a live coal, insulated on the cap of the gold-leaf 
electroscope, the leaves of the instrument diverge. This, how- 
ever, is due to the chemical action between the coke and the 
water, and not to mere evaporation ; for by allowing pure water 
to evaporate in a clean hot platinum dish connected with the 
electroscope, no signs of electric disturbance occur. Pouillet 
found that on allowing alkaline solutions to evapomte in the 
capsule, the electroscope became charged positively ; with acid 
solutions, the charge given to the electroscope was negative : but 
Peltier states that these electrical eifeets may nevertheless be due 
to friction, as they do not manifest themselves until the liquid is 
nearly alt driven off, and a crepitation of the salt as it detaches 
itself from the sides of the capsule begins to occur. This is cor- 
roborated by Faraday's observation, that if the dish be heated to 
redness, and pure water be dropped in, so long as it evaporates 
quietly in the spheroidal form (198) no electricity is developed ; 
out the moment that it cools down sufflciently to boil violently 
with friction against the metallic capsule, the leaves diverge 
powerfully. 

In accordance with this observation, Faraday has explained 
the development of electricity by high-pressure steam, which 
occurs to so remarkable an extent under certain circumstances. 
This he has traced to the friction of water accompanying the 
steam against the orifice of the jet through which it escapes into 
the air. An insulated boiler from which steam is allowed to 
blow off at high-pressure through long tubes, in which a partial 
condensation of tlie steam occurs, fumishea, as in the hydroelec- 
tric machine of Armstrong, exhibited at the Polytechnic Institu- 
tion, an admirable source of hiirh electric power. In this experi- 
ment, the boiler becomes negative, the escaping steam being 
positive. It is remarkable that Uie presence of the smallest 
quantity of oil or of essence of turpentine in the exit-pipe reverses- 
tnese electrical states, A solution of acetate of lead produces a 
similar effect. Indeed the purer the water that is used in the 
boiler, the better is it for these experiments, and the m<jre uni- 
form are the results. The electric condition of the steam was 
found by Armstrong to be also influenced by the material of 
which the exit-pipe M'as formed ; glass, lead, copper, and tin„ 



,y Google 



48 ELECTKICITY FEOiS STEAM — ATMOSPHERIC ELECTKIOITY. 

ea<:h modifying t!ie result. Wood apjjeared to be tlie matei-ial 
best adapted for use in forming tbe orifice of t!ie jet, as it pro- 
duced the highest amount of cbarge by friction ; some bodies, 
such as ivory, produced scarcely any electric effect when used as 
jets to the pipe. 

Perfectly dry steam is in fact nearly as good an insulator of 
electricity as atmospheric air ; but, from the facility of its con- 
densation, it easily produces upon cold surfaces it film of conduct- 
ing matter which destroys the insulation. 

(248) Atmospheric Electricity. — Another source of electricity, 
the origin of whieh is at present shrouded in mystery, is the at- 
mosphere itself, which affords displays of electric phenomena on 
the most magnificent scale. The identity of lightning and elec- 
tricity had long been suspected by electricians ; but the proof of 
it was first devised by Franklin, who, by the simple expedient 
of raising a boy's kite during a thunderstorm, succeeded in ob- 
taining from the clouds, sparks of electricity, with wliich^he 
charged Leyden jars, and performed some of the nsual electrical 
experiments. Such kite-flying, however, forms a dangerous kind 
of recreation ; and experiments on atmospheric electricity proved 
fatal to Professor Eichman of St. Petersburg, who, a tew years 
after Franklin's discovery, was killed by a flash from his ap- 
paratus. , 

No sooner had Franklm proved the identity of hghtnmg with 
electricity, than he proposed his plan of avertmg the destructive 
influence of lightning from buildings, by means of metallic con- 
ducting-rods. In oiSer to render these eflicieiit, they must pro- 
ject into the air for some distance beyond the highest point of 
the building to be protected. They must also be sufficiently tliick 
to carry oft the discharge without fusion. This is ensured by tlie 
use of a copper rod not less than half an inch in diameter. The 
pieces composing these rods should be in metalKc contact with 
each other throughout then- length, and the conductor should 
terminate in a bed of moist earth, or better still, in a well or body 
of water, so as to secure free communication with tlie soil. If 
any considerable metallic mass, such as a leaden roof, foi-m part 
of the building, it should be connected ^vith the conductor by 
branch rods, and should also be furnished with branch conduc- 
tors into the earth. The conductors are best placed exterior to 
the walls of the building. _ 

The explosive power of lightning is so great that its etiects 
may well excite our awe and amazement. A single instance 
may be cited in illustration of this point. In November, 1790, 
the mainmast of H.M. ship Elephant, 74 guns, was strack by a 
powerful flash of lightning. This mast weighed 18 tons, it was 
3 feet in diameter, and 100 feet long, and was strongly bound 
together by iron hoops, some of which were half an inch thick 
and 5 inches wide ; yet it was shivered into pieces, and the hoops 
were burst open and scattered around, amidst the shattered frag- 
ments of the mast (Harris). One of the most instructive in- 
stances recorded is that of tlie Dido, which, when off Java Head, 
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in May, 1847, was struck soon after daylight, during a stomi 
attended with heavy rain and little wind, by a tremendous bifur- 
cated flash of lightning, which fell upon the main royal mast. 
One of the branches struck the extreme point of the royal yard- 
arm, and in its course to the conductor on the mast, demolished 
the yard, and tore in pieces or scorched up the greater part of 
the sail ; the other part fell on the vane-spindle (the point of 
which showed marks of fusion) and truck, which last was split 
open on the instant that the discharge seized the conductor. 
From this point, however, the explosive action ceased, and the 
discharge freely traversed the whole line of the conductor, from 
the masthead downward, without doing further damage. _ One 
of the chief points of interest connected with this case is the 
entire destruction of the yai-d-arm, which was not supplied with 
a conductor, and the complete protection of the laaet, which was 
furnished with one. ' It is also important as provmg the incorrect- 
ness of the law of protection laid down by some French writers 
— viz., that a conducting-rod will protect a circular area having 
a radius double the height of the conductor above the highest 
point of the building. In all eases, the lightning will take the 
path of least resistance, and, from the recorded results of expe- 
rience, it appears that that path of least resistance will, in about 
seven times out often, be such that the lightning will strike the 
higls^t point, if it be furnished with a good conducting line to 
the earth or sea ; but it is quite possible that instances may occur, 
in which the line of least resistance may be in a diffei-ent direc- 
tion, or, as in the case of the Dido, tliat there may be two such 
lines where the resistances are equal. 

If a break occur in any part of the conductor, explosion will 
take place at this spot when a discharge of lightning is dii-ected 
upon the rod, producing, in many cases, fearful destruction. One 
of the most awful catastrophes of this kind occurred on the 18th 
of August, 1T69, when the tower of St. Wazaire of Brescia was 
struck Dy lightning. Beneath this tower were vaults containing 
upwards of 90 tons of gunpowder, belonging to the Kepublic of 
Venice. The whole of this enormous quantity of powder ex- 
ploded, destroying one-sixtli part of the city of Brescia, and bury- 
ing 3000 persons lieneath its ruins. On a small scale the track 
followed by the electricity may be illustrated by sending a dis- 
charge through a series of inteiTupted conductors, such as gold 
leaf pasted upon paper. The portions of gold leaf in the line of 
the discharge will be burned up, whilst Se contiguous portions 
not included in the track of the electricity remain unaltered. 

The peal of thunder wliich accompanies the lightning flash is 
due, lite the snap which accompanies the discharge of a Leyden 
jar, to the sudden displacement of air, which, in tlie case of light- 
ning, sometimes extends through a distance of a mile or more. 
The reverberation of the peal arises chiefly from the echoes pro- 
duced by objects upon the earth, and hy the clouds themselves. 
The flash from the thunder-cloud is exactly analogous to the dis- 
charge of the Leyden jar : the cloud and Uie surface of the earth 
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form tlie two coatings to the intervening layer of air, wliieh, aa 
in tlie case of tlie condenser, supplies the place of tlie glass, whilst 
a church steeple, or any projecting object, acts the pai't of a dis- 
cha^ing rod.* 

But it ia not only during a storm that the atmosphere exhihits 
signs of electricity. In line weather, if a flame, or a pointed rod, 
be connected with an electroscope, the instrument usually di- 
rerges positively. Before rain, tlie instrument often assumes a 
negative state : in general, the rain that first falls after a depres- 
sion of the barometer is charged negatively. It freqiiently liap- 
pens that the rain is negatively charged, although the atmo- 
sphere, both before and after its fall, exhibits signs of positive 
chaise. Fogs, snow, and hail, if unattended with rain, are nearly 
always positively charged in a high degree. It appears to be 
probable tliat the clouds are almost always positive. In meet 
cases, when negative electricity is observed in the instruments it 
is simply due to an effect of induction. 

In winter, the atmospheric charge is usually higher than in 
summer. According to Quetelet, whose conclusions are based 
upon a series of five yeai-s' unintei-mpted observations, the atmo- 
spheric electricity attains an average maximum in January, and 
steadily decreases till June, when it is at its minimum : from this 
period it again progi'cssively increases till Januaiy, in which 
month the intensity of the electricity is thirteen times aa high as 
it is in June. The electricity of the air may be stated generally 
to be higher in a cloudless than in a cloudy sky. Only once dur- 
ing the months of October, November, December, and January, 
has he obtained proof of negative electricity in the air. 

Tlie intensity of the charge varies likewise duringeach twenty- 
four hours ; it has two maxima and two minima. The first maxi- 
mum is before eight o'clock a.m. in summer, and before ten a.m. 
in wint«r ; tlie second after nine p.m. in summer, and before six 
P.M. in winter. The first minimum is uniformly about four a.m., 
and the second about three p.m. in summer, and one p.m. in 
winter. 

The observatioTifi made for some years at the Kew observatoiy 
by Konalda, furnish results closely according with those of Que- 
telet.-f 

An ingenious experiment by Beequerel shows that the inten- 
sity of the charge increases with the elevation above the earth's 
surface, and according to Quetelet's observations, the increase in 
intensity is proportional to the height. This law of Quetelet has, 
however, been verified only for heights not exceeding 16 feet, 

* Those electrical accumulations ftre often renewed with extraorfinaiy rapidilj. On 
Ihe 6th of July, 1846, about 10 p.m., after a clear hot day, in the masses of vapoar 
forming a bank of cumuli, I counted in two minutea 83 flashes unattended bj thunder; 
and several times during rtie same erening, I observed betireen 30 and 40 discharges 
from one clond to another, per minute. 

t For an interesting diacassioo of the theory of the development of atmospherio 
electricity, the reader is referred to, Delano's Treatk$. em Meftrkitij, Walker's transla- 
tion, ToL ilL.p. 116,. e( seg. 
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Eeequei'era experiment was the following : — -Having ascended 
Mount St. Bernard, he attached one end of an insulated gilt 
thread to the shaft of an arrow, and connected the other extrem- 
ity witli the cap of an electroscope by a running knot. The 
arrow was then discbarged in a vertical direction by means of a 
bow ; as it ascended, the leaves expanded gradually till tliey 
struck the sides of the glass. When the fnll length of the tliread 
was attained, the upward motion of the arrow aetached it alto- 
gether from the electroscope, leaving the instrnment charged 
positively. On repeating the expeiiment, sltooting the arrow 
horizontally, no charge at all was obtained. Similar results may 
be obtained on a clear day by ascending a lofty eminence or 
building, to avoid the iiidnction of near objects, and taking a 
gold-leaf electroscope, terminating above in a ball. The electro- 
scope being now in a neutral state, it wiU, if elevated only for a 
foot or two, diverge with positive electricity. On bringing it 
back to its original position, the leaves collapse, and on depress- 
ing it below this pomt, the leaves again separate witli the oppo- 
site electricity. 

Electricity developes itself in the atmosphere in otlier forms ; 
thiis luminous brushes, stars, and glows, have been frec[uently 
observed in stormy weather on the extremities of the masts and 
yard-arms of ships, on the points of weapons, and occasionally 
even on the tips of the lingers. These phenomena are, in fact, 
cases of bi-usli discharge upon a large sc^e, and are in many in- 
stances attended with a roaring noise like that of a burning port- 
fire. Appearances of this description formerly went by the name 
of Si. Ehno^sfire ; our own sailors term them comasants. 

(249) Aurora, Sorealis. — Another very beantifnl meteor 
which is sometimes seen in this country in clear frosty nights, 
but which is observed very frequently in higher latitudes, has 

Erobably an electrical origin. This is the aurora lorealis. It 
as been supposed to be occasioned by the passage of electricity 
through the rarefied portions of the upper regions of the atmo- 
sphere from the poles towards the equator, but the explanation is 
unsatisfactory, and not adequate to account for the effects ob- 
served. The varieties of coloured light exhibited by the aurora 
may, however, be imperfectly imitated on a small scale by dis- 
charging a continued or an intermittent supply of electricity 
through a vessel partially exhausted of air. 

The forms which the aurora assumes are very vai'ied, and of 
extraordinary beauty ; there is, however, usually some general 
similaiity in its aspect at the same locality. Commonly, streams 
of light are seen shooting upwards from the northern horizon. 
Tliese streams are frequently observed to meet together in the 
zenith, and produce an appearance as if a vast tent were expand- 
ed in tlie heavens, glittering with gold, rubies, and sapphires. 

A remarkable connexion has been observed between the 
aurora and the magnetism of the earth ; the magnetic needle 
being very generally disturbed during a display or the aurora. 
The arches of the aurora moat eommouly traverse the sky at 
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riglit angles to the magnetic meridian, though deviations from 
this direction are not rare. Sir J. Franklin found that the dis- 
turhanee of the needle was not always proportionate to the agita- 
tion of the aurora, but was always greater when the quick mo- 
tion and vivid light were observed to take place in a hazy atmo- 
sphere. The aurora is most frequent and vivid in high lati- 
tudes towai-da either pole, but the meteor is not confined to these 
parte, as Dr. Hooker states that one of tlie most biilliant displays 
he ever witnessed was under tlie tropical sky of India ; and other 
observers ha;ve recorded instances ot its appearance in the equa- 
toiial districts of tlie globe. 

The altitude of the aurora varies considerably ; there is no 
doubt, however, that it frequently oceura at small elevations. 
Both Franklin and Peny record examples of its appearing below 
the level of the clouds, which they describe as concealed behind 
the masses of its light, and as reappearing when the meteor van- 
ished. There appear to be two distinct kinds of aurora, one 
dependent upon local causes, as in the eases last mentioned, 
while, in the other, the causes are probably cosmical, and the 
aurora! effects are seen at very distant points of the earth's sur- 
face. (Sabine.) 

§ III. Galvanic ok Voltaic ELECTEicrrr. 

(250) Galvanise Discovery. ^Ahoxit the year 1790 Galvani 
made the observation that convulsive movements were produced 
ill the limbs of a frog recently killed, if brought into contact with 
two dissimilar metals, such as zinc and copper, which were them- 
selves in contact. The experiment may be readily repeated in 
the following manner :— Expose the cmral nerve (bt, fig. 195) of a 
recently killed frog, touch it 
Fig. 195. with a Strip of zinc, z, and at 

" " the same time touch the sur- 

face of the thigh, Til, with one 
end of a bit of copper wire, 
; the moment that the other 
end of the copper wire is 
made to touch the zinc, the 
^^ limb is convulsed : bu't the 

^^g— I 7— TTTTT-^Ti— convulsions cease when the 

two metals are sepai-ated from 
each other, though they are still in contact with tlie animal 
tissues Each time that the zinc and copper are made to touch 
each othei the convulsion is renewed. A live flounder laid upon 
a pewter plate shows no particular sign of uneasiness ; a silver 
spoon may also be laid upon its back without any apparent 
effect : but if the spoon be made to touch the pewter white it 
rests on the fish, the animal becomes strongly convulsed. If a 
piece of zinc and a shilling be placed one above and the other 
under the tongue, no particular sensation is perceived so long aa 
the two metals are kept separate, but if the silver and the zinc be 
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allowed to touch each other, a peculiar tingling sensation or 
taste is experienced ; and if. the silver be placed between the 
npper lip and the teeth instead of iiiider the tongiie, each time 
that the two metals are brought into contact, not only will a taste 
", but a momentary flash of light will appear to pass 



before the eye. 

These phenomena are all analogous to each other, and have 
an electrical origm ; and by tracing them to this source, a branch 
of electrical science has gradually been developed, which in 
lionour of its first discoverer has been termed galvanism. The 
term galvanism, or -DoUaio electricity, as it is also called, in re- 
membrance of the researches of Volta in this field, is applied to 
electricity which is set in motion by chemical action. It is 
usually developed by the contact of two dissimilar metals with a 
liquid. 

(251) Elementary YoUak- Cireuzis.—These ottecta may be 
traced by very simple means. "When a plate of zinc is hnmersed 
in diluted sulphuric acid, the metal becomes rapidly dissolved, and 
an extrication of hydrogen gas takes place, and the zinc becomes 
dissolved in the sulphui-ic acid. But if the aoirfece of the zinc, 
after it has been cleansed by immersion in the acid, be rubbed 
over with mcrcnry, a brilliant amalgam is speedily formed over 
the whole face of the zinc. Such a plate may then be plunged 
into the acid, and it will remain without undergoing any chemi- 
cal change for hours. The cause of this inactivity of the zinc is 
not satisfactorily ac«ounted for, bnt the fact is continnally made 
use of in voltMc experiments. The addition of a second amalga- 
mated zinc plate, whether it be in contact with the first, or be 
separated from it, produces no change. But if the second plate 
be of platinum, of copper, or of some metal which is less rapidly 
acted on by the acid than zinc is, although no aetionwiU occur 
whilst the two plates remain separate (as shown in fig. IOC, 1), 




yet the moment that they are allowed to touch each other, either 
above (2) or beneath (3) the surface of the liquid, bubbles of gas 
will escape from the surface of the platinum. The platinum, how- 
ever, is not acted upon chemically in this ease ; if the two metals 
be weighed before ttie experiment is commenced, and again after 
it is concluded, the weight of the platinum will be found to be 
unaltered ; but the zinc will have been partially dissolved, and 
will weigh less than it did before. The gas may easily be col- 
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leeted by filling a tube with diluted acid, and, after introducing 
the platinnra plate, inverting tlie tube in the glass, so that tlie 
lower edge of the platinum may toucli the strip of zinc (No. 3). 
On examining tlie gas -which rises in the tube it will be found to 
be pure hydrogen. It is not necessary that the two plates sliould 
directly touch each otlier. They may be connected by means of 
a metallic wire (as at 4, fig. 196), by a piece of graphite, or by 
any good conductor of electricity ; gas will continue under these 
circumetances to rise from the platuium plate ; hut if a glass rod, 
a stick of shell-lac, a bit of gutta percha, or any electric m'sulator 
be made tlie medium of intercommunication, all signs of action 
will cease. The length of the metallic wire employed is com- 
paratively unimpoi-tant ; it may vary from a few inches to many 
miles, and in either ease it will enable tlie action across the liquid 
to take i)lace. A pair of plates of dissimilar metals in effectnal 
communication, either by direct contact or through the medium 
of a wire, when immersed in a liquid which acts cEemieally upon 
one of them, constitutes a voltaic cireuit. 

(252) Activity of the Conducting \Vir€.—'Y[\& wire or other 
medium of communication, during the time that it forms the 
connexion between the two metSs, exhibits signs of activity 
which it did not before possess ; it exerts a variety of influences 
upon surrounding bodies, and it loses these powers immediately 
that the contact with the metallic plates is broken. For in- 
stance, the temperature of tlie wire is for the time elevated. This 
may be proved by causing the wire to traverse the bulb of a 
delicate air thermometer, or by making a compound metallic 
ribbon,_such aa is used in Breguet's thermometer (140), part of 
the chain of communication between the plates. If a portion of 
the wire be sufficiently reduced in thickness, visible ignition of 
such portion may even be produced. Indeed the quantity of heat 
given out by the connecting wire may be employed as a measnre 
of the amount of force which it is transmitting. 

(253) Action of the Conducting Wisre (mthe Magnet/is Needle. 
— Anotlier remarkable proof of the activity of the wire wliich 
connects the two metallic plates, is exhibited in the peciiliar in- 
fluence which it exerts over a magnetic needle freely suspended 
in a direction parallel to the wire. Such a needle tends to place 
itself at right angles to the wire. If the wire and the needle 
bo previoudy arran^d in the magnetic meridian, the amount of 
deviation in the needle affoi-ds a comparative measure of the force 
which is conveyed by the wire, as the needle ultimately assumes 
a position of equilibrium between the directive power of the 
earth's magnetism and that of the wire (252). 

The moVements of such a magnetic needle afibrd one of the 
most delicate tests of the development of galvanic electricity, or 
of electricity in motion. It will therefore be necessary to ex- 
amine the direction and nature of these movements. 

Tlie direction of the needle under any circumstancts may 
casily_ be calculated by recollecting the following rule : — "Wl^n 
the wire is placed in the magnetic meridian, with the end con- 
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nected with the sine piata towards the noHh, and the needle is 
^^ed hdow tho wire, the marlced end wiU deviate westward. 
When the needle h above the wire, the marked end will moye 
towards the east. The first effect is shown in fig. 197, 1 ; the 



-L.- 



second in 2. On reversing the attacliment of the wire to the 
plates, the phenomena will in each case be inverted. By means 
of a simple model, the direction of the needle under any condi- 
tions may be readily indicated : — Across a square strip of wood 
nail a cylindrical piece at right angles ; let the square rod repre- 
sent the magnetic needle, the round rod the connecting wire (fig, 
197, 3 and 4), then mark upon the square rod the letters h and s, 
and on the round rod, p and z, in conformity with the rule just 
given ; by placing the model in any given position, the relative 
effect of the wire upon the needle under th^e circumstances will 
be shown. - 

Even tlie liquid part of a voltaic circuit acts thus upon the 
magnetic needle. This may be shown by suspending a needle, 
n 8, fig, 198, by means of a hbre of silk, over 
a disfi of diluted sulphuric acid. On one *"'"■ ^^■ 

side of this dish a zinc plate, z, is inserted, 
on the other, a plate of platinum, p. The 
needle must be placed so that one of its ends 
may point towards one plate, and the other 
end towards the other plate. If the two 
plates be now connected by a wire, as shown 
m the figure, the needle will be deflected, 
and will place itself nearly parallel to the 
metallic plates. 

(35i) The Galvanometer. — Since every 
part of the circuit acts equally upon the 
needle, and since it is possible to make several parts act simulta- 
neously upon it, actions may be rendered perceptible which would 
otherwise be too weak to influence its motion. Fig, 109 will 
convey an idea of the principle upon which this is effected. Sup- 
pose tlie wire eomiecting the plates p and z to be bent into a 
loop with parallel sides. If a magnetic needle be suspt 
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between the wires, and parallel to them, the loop and the needle 
being both in tlie magnetic meridian, with the end N pointing to 
the. north, the marked end of the 
needle would be impelled westward 
under the influence of the force in 
the upper branch ; and as the cur- 
rent returns in the reverse direction 
through the lower wire, this ten- 
dency of tlie north end westward 
would be doubled. 33y increasing 
the number of coils which are 
placed around the needle parallel 
to each other, very feeble actions 
may be rendered evident. An in- 
strument constructed on this pn'nci- 
J)le is termed a galvanometer. 
vanometer may, however, be still 
further increased by placing outside the coil a second magnetic 
needle with its poles reversed ; the directive force of the earth 
may be thus almost exactly neutralized ; its attractive power 
upon the noiih end of one needle being almost exactly counter- 
balanced by its repulsive action upon the south end of the needle 
which is parallel to it. A pair of needles thus arranged consti- 
tutes what is termed an astatic combination. A very feeble 
force will be sufficient to drive one particular extremity of such 
a pail- of needles to the east or to the west ; but the second needle 
being outside the coil, will be acted upon by the upper wires only, 
the lower ones being at too great a distance to produce any sen- 
sible effect. The action of the upper wires upon the needle above 
them coincides with their action upon the lower needle, with its 
reversed poles i and the eftect of a feeble current is thus materi- 
aJly increased by tliese combined actions. The conducting wire 
must be covered with silk with a view to preserve each coil duly 
insulated from the contiguous ones. 

The astatic galvanometer is rep- 
FiG. 200. resented in fig. 200. The needles, 

n 3, sn, are suspended, one within 
and the other above the coil of 
wire, w w, by means of a fibre of 
silk, d, the whole being enclosed 
within the glass case, o. The 
parallelism of the two needles to 
each other is maintained under all 
circumstances, by causing each of 
them to pass transversely through 
the same piece of straw, or by con- 
necting them together by means 
of a piece of fine copper wire ; the 
fibre d is attached to the upper ex- 
tremity of the straw or the wire. 
By means of a screw at a, the point of suspension of the silk can 
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be raised or lowered without twisting it, so that when the needles 
are not in use their weight need not be supported by the silk 
fibre, c c, is a sheet of copper provided with a gradnation on 
its margin for estimatiug Uie angulai' deviation of the needles : 
J, J, are binding-screws for connecting the extremities of the coil 
with the wires which transmit the current ; * the apparatus can 
be levelled by means of the screws, m, m; and at t, a lever is 
shown by wMeh the coil of wire w, can be placed acem-ately 
parallel with the magnetic needles, so as to make them coincide 
with the zero of the graduated circle. Such an instrument may 
be made not only to indicate the existence of voltaic action, but 
also to measure its amount. When the deviations of the needle 
are small, not exceeding 16° or 20°, the number of degrees of 
deviation gives nearly accurately the relative force ; but for 
angles of greater magnitude, this is not the case, because the 
more the needle deviates from parallehsm to the wire, the more 
obliquely and therefore the less powerfully does the force act 
which occasions its motion ; and it becomes necessary to deter- 
mine the value of the degrees by direct experiment. It wonld 
require a gi-eater amount of power to move tlio needle from 20° 
to 25°, than from 20° to 15° : and a still greater to produce a 
deviation from 30° to 35° ; but the force required in each ease is 
definite, and consequently may be estimated and measured.f 



* Instead of binding-screwa, it is not uncommon to employ small cups contiuiiiiig mei^ 
oury as the means of completing the metallic eommuaiEalion between the different parts 
of the oiccuit; tie ends of the wires should be made perfeotlj bright before immersing 
ihem in the mercmy. Copper wires may be ea^y amalgamated superftdally by scoup. 
ing them with fine anery-.paper and moiftenii^ them with a solation of nitrate of mer- 
cury ; the perfection of the contact is thus eneured. 

t Helloni'a method of graduatmg a galvanometer js the followmg quoted 1 y T^nd lU 
p. SOB of his work on ffeai eotmdered as a Mode jjg g^] 

0/ MoUan .-—Two small veasela, t, t, flg. 201, are 
half filled with mercury, and connected separate- 
ly by two short wires, with the eiliemitiea, q, b, 
of the galvanometer. The vesaela an 
disposed, maice no change in the actioiL of the i 
t, the thermoelectric current beii^ &e 
tted as before from the pile to the gi 
, But if; by means of a wire, p, a 
communication be estabhshed between the two 
vessels, part of the current will pass through thia 
wire and retnm l« the pile. The quantity of 
eleetridty drcnlaUi^ in the galvanometer will be thus ilunmu-hed ,aid wi h it the de 
flection :rf' the needle. 

Suppose, then, that by this artifice we have reduced the galvanomettic deviat on to 
its fourth or fifth part — in other words, enpposing that the notdle bemj, at 10 or 12 de 
grees under Uie action of a constant source of heat placed at a fixed distance from the 
pile, that it descends two or throe degrees when a portion of the current is diverted by 
the external wire ; I say that by causing the source to act from Tarious distances, and 
observing in each ease the total defiection and the reduced deflection, we have all the 
data necessary to determine the ratio of the deflections of the needle, to the foio^ which 
produce these defleclions. 

To render the eipo^tion clearer, and to fnmish a 
mode of operation, I will tahe tlie nmnbei^ relating tc 
one of my Thenno mnltipUeis. 

The estcmal circuit hemg interrupted, and tJic a( 
tant from the pile, to gi ' - ■ 
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(255) Allusion has already been made to the physiological 
action of the current, in consequence of which, if a living animal, 

the wire be placed from y to r; the needle falls to V-5. The eonnexjon between Iho 
two Teasels being again interrupted, let the Eource be brought near enough to obtain 
EQeeesaiTel J the defleolions : — 

Interposing after each the same w[re between v and v, we obtain the following num- 
1°'B, S°, 4°-ti, 6°-S, 8°-i, ir-i, W-S. 22'% a3°'7. 
Assuming Ibc forec necessary M cause the needle to describe each of the first degrees 
of the guJvunometer to be equal to unity, we have the Dumber fi as the expression, of 
the force corresponding to the first observation. The other forces are ea^lj obtained 
bj the proportions;— 



(that 19 fo eay, one reduced current is to the total current to which it corresponds, as 
any other reduced curreat is to its correspondiog total current), where <i repfosents the 
deSectiou when the exterior circuit ia closed. We thus obtain — 

6, 10, 15-2, 21, 28, 81-S, 
for the forces corresponding to the deflections — 

B°, 10°, 16°, 20°, 26°, aO°. 
In this instrument, therefore, the forces are sensibly proportional to the area, up lo 
nearly 16 degrees. Beyond lliis the proportionality ceases, and the divergence augments 

The forces belongmg to tit mtcrmedlale degrees are obtained with great case either 
by calculation or bj graphitjl construction, which latter ia sufficiently accurate for 
these determmatjons Bj thesi. means we find — 

Degrees I* 14° 15° 16° 11° 18° 19° 20° 21° 

Forces Id 14-1 15-2 163 \1i 186 19-8 21 22-3 

Diffetencea 1 1 1-1 1-1 l-I 1-2 1'2 1-2 1-3 

Degrees. 22 23° 24° 25° 28° 27° 28° 29° 30° 

Foix^ 23 6 24-9 26-4 28 29-7 31'B S3-4 S6-3 37-3 

Differences 1 4 1-5 1-6 17 IS 19 19 2 

In this table we do not take mto account any of the degrees precedmg the 13th, be- 
cause the force corresponding to each of them possesses the same value as the deflec- 

Thc forces corresponding to the first 30 degrees being known, nothing is easier than 
to determine tbe values of the forces cori^spondii^ to 35, 40, 46 degrees asd upwai^. 
The reduced deflections of these three arcs are — 
15°'3, 22°-4, 29°-7, 
Let OB consider them separately, commendog with the first. In the first place, 
then, IB degrees, aecordh^ to our calculation, are equal to IG'2 ; we obtain the value 
of die decimal 0"3 by muMplymg this fraction by the difference 11, which exists be- 
tween tbe IBth and ifith degrees ; for we have evidently the proportion — 

1: M = 0-3: 1 = 0-3. 
Tbe value of tbe reduced deflection corresponding to the 36th degree will not therefore 
be 16°-3, but 16°-2+0°-3=15'B. By similar considerations wo find 23'''5+0'''6=2t°-l 
instead of 22°-4, and 86°-7 instead of S9°-7 for the reduced deflections of 40 and 46 
degrees. 

It now only remains to calculate the forces belongmg to these three deflections — 
15°-6, 24°'l, and 3B°-7 — by means of the eipresMon 8'333 a ; this gives us — 

The forces 51-7 80-8 122-3 

For the degrees 36° 40° 46° 

Comparing these numbers with those of the preeedii^ table, we see that the sensitive- 
ness of our galvanometer diminisbes considerably when we use deflections greater than 
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or a part of one recently killed, euch as tlie limb of a frog, be 
included between a pair of plates, muscular contractione are 
produced ; similar effects occur if a portion of the human body, 
such as the tip of the tongue, be included between two inter- 
rupted points of the conducting wire. But in addition to the 
heating, magnetic, and physiologieai effects, another remarkable 
series of phenomena, those of chemical decomposition, may be 
exhibited at the interrupted points of the conducting wire. . 
These, however, are more distinctly shown when a number of 
pairs of plates is employed. 

(256) The Voltaic Pile. — In prosecuting tlie experiments of 
Galvani, Volta discovered that oy using a number of similar 
metallic pairs moistened by a saline or by a feebly acid liquid, 
many of the effects already described were greatly increased, and 
in the year 1800 he published a description of the apparatus 
which he had contrived, and which has perpetuated the nameof 
lis inventor under the designation of the VoUaio Pile. This im- 
portMit instrument is represented in fig. 202. It consists of a 
succession of pairs of plates of two dissimi- 
lar metals, such as zinc, z, and copper, o, or ^"' ^i^a 
zinc and silver, each pair being separated 
on either side from the adjacent pairs by 
pieces of card or flannel, r, moistened with 
salt and water, or with very weit acid 
these plates may be supported by a frime 
of dry wood. The effects produced by such 
an apparatus were soon seen to be of an 
electrical character. If the ends of the pile 
or the wires connected witli them W(,ie 
touched, one with each hand pr(,vions!j 
moistened, a sensation similar to tint of the 
electric shock was experienced Spirkb 
could be obtained between two pieces of 
charcoal attached to the enda of the wnes , 
divergence of the gold leaves of the electio 
scope was produced when one wire touched the cap of the mstru 
ment, whilst the other wire was m commumcation with the 
earth ; and other electrical effects w ere obtained In arranging 
the plates of metal it is necessary strictly to observe i certain 
order in their succession ; thus, if a plate of zinc with a wu-e 
attached to it form the bottom of the pile, a piece of wet flannel 
must be placed upon it, tlieu a piece of copper, then a piece of 
zinc, tlien flannel, then copper, then zinc, then flannel, and so on, 
till the pile termmates at the top with a plate of copper to 
which a wire is attached. By soldering together the zinc and 
copper in pairs, a considerable improvement is effected ; com- 
plete contact of the two metals is insured, and the apparatus can 
be mounted with more rapidity. Many practical inconveniences, 
however, are experienced when the instrument is mounted in the 
form of a pile : the liquid, in the flannel soon loses the power of 
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acting cliemically on the zinc, and the activity of tlie combina- 
tion rapidly decUnes. 

Another more effectual arrangement adopted by Volta is 
shown in fig. 203 ; he termed it the Crown of Cups. In this 




form, the liqmd in the cell corresponds to the moist flannel of the 
pile, and the zinc of one cell being connected with the copper of 
the adjacent cell, the arrangement corresponds exactly with that 
of the pile, where the zinc is on one side of the flannel, whilst the 
copper in contact with the other snrfaee of the flannel communi- 
cates with the zinc touching the flannel next above it, and so on. 
Other more efficient forms of the voltaic battery will he desciibcd 
further on. 

The Conditions required to produce YoUaic Action. 

(257) Electric Disturbance hy Contact of Dissimilar Metals. 
— Having in the foregoing remarks traced uie voltaic phenomena 
to a modiiication of ^ectricity, we may now proceed to examine 
more particularly the conditions under which they occur. 

It was early observed by Volta that when two different 
metals, properly insulated, are brought into contact, and then 
separated by means of insulating handles, each plate exhibits 
signs of electricity which may be detected by a sensitive electro- 
scope such as Eohnenberger's {note % 298), The more oxidizable 
metal is found to be positive, while the less oxidizable metal is 
negative. If zinc filings be sifted tlu'ough a piece of insulated 
copper-wire gauze upon the cap of a gold leaf electroscope, the 
leaves of the mstrument will diverge. On approaching the elec- 
troscope with an excited stick of sealing-wax the leaves will col- 
lapse, thus proving that the zinc filings have acquired positive 
electricity. If copper filings be sifted through zinc gauze, the 
filings will be found to be negative. The various metals may, 
with reference to these electiie actions, be arranged in a series in 
which those first in order become positive by contact with all 
those that follow, and negative with all those that precede : for 
example, potassium, zinc, iron, lead, tin, copper, mercury, silver, 
gold, platinum. This, it may be observed, is merely the order 
of the oxidability of the diff'erent metals, and Delarive contends 
with great probability that the development of electricity in 
Volta^ experiment is due to an excessively minute oxidation pro- 
duced by the moisture of the air upon the plate which becomes 
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positive, thougii the experiments by wliieh lie attempts to prove 
the point" are not atsolutelj conclusive. 

Volta regarded the interposed liquid of his pile in the light 
merely of an imperfect conductor which allowed induction to 
take place through it, the electrical equilibrium being pei-petually 
disturbed by the contact of the two metals ; and he overiookeu 
the cliemical changes which the liqnid is continually undergoing, 

(258) Ohmriicu, Aclion essential to the Prodiictton of voll4uo 
Action. — It is now known that chemical changes are essential to 
the production of the force. Contact of dissimilar substances, it 
is true, is necessary to the voltaic action ; because without con- 
tact tliere can be no chemical action. Such contact produces dis- 
turbance of the electric equilibrium in the bodies which are 
brought together, and thus occasions a state of tension or polarity 
which always precedes the discharge. Chemical action, by re- 
newing these contacts and by furnishing appropriate conductors 
to the electricity thus accumulated, inaintains the action and ac- 
curately measures its amount ; and until chemical action occura 
no current is produced. The following experiment may be cited 
in illustration of this point : — ^Let an iron wire be connected with 
one extremity of a galvanometer of moderate sensibility, and a 
platinum wire with the other extremity ; immerse the ends of 
the wires in highly concentrated nitric acid (sp. gr. about 1'45), 
without allowing them to touch each other in the liquid ; no 
chemical action will occur upon the iron, and no movement of 
the magnetic needle will be pixiduced ; but the addition of a little 
water will determine a rapid solution of the iron in the acid, and 
the needle, at the same moment that the chemical action com- 
mences, will receive a powerful impulse. 

(259) Polwrizationa'ndTTan&ferofllie Elements of the Liquid. 
— ^The simple occurrence of a powerful chemical action is not 
alone sufficient to produce a powerful voltaic effect. The metals 
are all excellent conductors of electricity, and, in combining witli 
each other to form alloys, they often give evidence of iiitense 
chemical action, but they do not produce any adequate voltaic 
effect. For example, if a small quantity' of tin be placed in a 
tube bent into the form of the letter TJ, and be melted by the 
heat of a spirit-lamp, and it be connected on one side with the 
wire of a galvanometer, which is introduced into the melted 
metal in one limb of the tube, whilst into the second limb of the 
tube a platinum wire, coimected with the other extremity of the 
galvanometer, is plunged, the platinum will unite with the tin 
with incandescence, but after the first moment of contact but a 
slight deviation of the magnetic needle will be observed, although 
a brisk chemical action is continued for several seconds. A solu- 
tion of the elementary bodies, chlorine or bromine, when used as 
the liquid between the plates, although it acts powerfully on the 
zinc, produces by no means, a proportionate power in the circuit. 

In order that the hquid shall possess any mfffked powevof 
exciting voltaic action, it must be a compound susceptible of de- 
composition by one of the metals, such, for instance, as dilute 
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Biilphuric, liydroehloric, or liydriodic acid, or a saline substance, 
sucli as chloride of sodium or iodide of potassium. Th'is neccs- 
sitj for tlie employment of a componnd liquid for exciting the 
force, appears to rise from the necessity of a peculiar polarization 
in the liquid in order to enable it to transmit the voltaic action. 
Indeed, in all voltaic actions the transfer of power is effected by 
a polar influence, propagated through both the solid and the 
liquid particles of the cireuit, and the chain of conducting mate- 
rial must be continuous throughout, so that the force shall ctrim- 
late. 

This process of polarization may be conceived to occur in the 
following manner, which offers an explanation of the mode in 
which the platinum (or the plate of metal which corresponds to 
platinum) may be supposed to act : — When a plate of pure zinc 
or of amalgamated zinc is immersed in a compound liquid, which, 
like a solution of hydrochloric acid (HCl), is capable of attacking 
it chemically, the metal at the points of contact becomes posi- 
tively electrified, whilst tlie distant portion becomes negative. 
The layer of liquid in contact with the zinc undergoes polariza- 
tion, whicli affects each molecule of its chemical constituents ; the 
E articles (C) of chlorine become negative, and the particles of 
ydrogen (H) positive : but in this form of the experiment there 
is no communication between the distant negative part of the 
zinc and the positively electrified particles of hydrogen ; conse- 
quently, beyond the production of this state of electric tension, no 
change ensues. This condition is represented in fig. 204 (1). But 




the case is entirely altered if a plate of platinum, or of some other 
metal which is not easily acted upon by the acid, be introduced, 
and made to touch the zinc. By contact with the zinc the pla- 
tinum itself becomes polarized ; it imparts a certain antonnt of 
positive electricity to the zinc, and receives & portion of negative 
m return, and transmits the polar action to the liquid. A chain 
of polarized particles is thus produced, as represented in fig. 204 
(2) ; the chlorine of the particle of HCl nearest the zinc becomes 
negative under the influence of the chemical attraction which 
exists between it and the zinc, and the hydrogen becomes posi- 
tive ; the second and third particles of HCl become similarly 
electrified by induction; but the platinum, under the influence 
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of the induction of the zinc, being negative, is in a condition to 
take up the positive electricity of the contiguous hydrogen. The 
action now rises high enough to enable the zinc and the chlorine 
to combine chemically with each other ; the chloride of zinc thus 
produced is dissolved by the liquid, and is removed from farther 
immediate action ; but the particle of hydrogen nearest the zinc 
now seizes the oppositely electriiied chlorine which lies next to it, 
and a new portion of hydrochloric acid is reproduced, whilst the 
liydrogen in the second particle of the acid is transferred to the 
chlorine of the adjacent particle, and the particle of hydrogen 
which terminates the row ia electrically neutralized by its action 
upon the platinum, to which it imparts its excess of positive 
electricity, and immediately escapes in the form of gaa. Fresh 
particles of hydrochloric acid continually supply the place of 
those which hare undergone decomposition, and in this wajr a 
continuous action is maintained. Tims the transfer of electricity 
from particle to particle of the liquid is attended at the same 
instant by a transfer of the constituents of the liquid in opposite 
directions. 

These changes are not successive, but are simultaneous in each 
vertical section of the liquid, and are also attended with corre- 
sponding changes at all points of the entire circuit. These 
changes when continued tininterruptedly constitute what is con- 
veniently termed a voltaic current. This term, ' current,' is in 
general use, but it should be borne in mind that it is in this sense 
employed merely to signify the continuous transmission of force, 
not of any material substance. In every voltaic current it is as- 
sumed that a quantity of negative electricity, equal in amount to 
that of the positive set in motion, is proceeding along the wire 
in a direction opposed to that in which t!ie positive electricity is 
travelling ; and it is conceived that by the perpetoal separation 
and recombination of the two electricities in the wire, its heating 
and other effects are produced. In order to avoid confusion, 
however, whenever the dwecHon of the voltaic current is referred 
to, the direction of the positive current alone is indicated. 

The polarization of the 
metallic and liquid parti- 
cles composing a circuit 
when zinc is placed in an 
acid, or, in other words the 
occurrence of electric ten- 
sion as a preliminary to the 
passage of the voltaic cur- 
rent, may be shown by the 
following experiment (Gas- 
siot). A plate of platinum, 
F, fg. 205, and another of 
amalgamated zinc, z, are 
immersed in dilute sulphu- 
ric acid, and the wire which proceeds from each is insulated and 
connected with the two gilt disks, a, i, of tiie electroscope, e ; 




,y Google 



> CHEMICAL ACTION. 



these disks arc insulated from cacli other, and from the ground 
by the glass of the apparatus ; thej elide easily to and fro in the 
sockets, and can bo brought within a quarter of an inch or less 
of each other ; a single gold leaf, mounted as in the ordinary 
electroscope, is saspended midway between them : now it' the 
positive end of a Deluc's pile (298), d, be brought near the cap of 
me instrument, the gold leaf will approach the disk a, which is 
connected with the zine plate ; the leaf becomes positive by in- 
dnction from the positive end of the pile, and is therefore attract- 
ed by the negatively electrified disk a ; but if the opposite end 
of the pile d, which is charged with negative electricity, be pre- 
sented, the gold leaf becomes negative, and is attracted by tlie 
positively electrified disk I, which is in connexion with the pla- 
tinnm plate. The amount of the electric tension increases in pro- 
portion as the number of pairs la increased. Gassiot found with 
a battery of 400 pairs of Grove's cells, each cell being carefully 
insulated, that a succession of sparks passed between the termi- 
nals when brought very near to each other ; and if each end of 
the battery was connected with a gold-leaf electroscope, the 
leaves of each diverged powerfully, me wire in connexion with 
the platinum plate furnishing positive, that with the zinc plate, 
negative electricity. (299.) 

(260) Energy of the Cmrent ^roporUonate to the Chemical 
AcUv^. — In order to produce a current, the two metals which 
are employed must be acted upon by the exciting liquid with 
different degrees of rapidity : thus, when two similar slips of 
zinc, or of any otJier metal, are opposed to each other, no current 
is excited. !the galvanic action is strongest between two metols 
upon which the chemical action of the components of the exciting 
liquid differs most widely ; for, from what has been already 
stated, it is evident that two strips of zine would tend to produce 
polarization, and subsequently enrrents of equal intensity, in op- 
posite directions, so that the two would necessarily neutralize 
each other. When zinc is opposed to tin, a current is produced, 
setting out through the liquid from the zinc to the tin ; zine and 
copper give rise to a strtjnger cun'ent in the same direction ; 
whilst between zinc and platinum the cuiTcnt is still more power- 
ful ; and between potassium and platinum the action attains its 
maximum. By forming an amalgam of potassium, this last-men- 
tioned experiment admits of easy performance ; for it has been 
found that the voltaic relations of alt amalgams ai-e the same as 
those of the more oxidable metal which they contain. A good 
deal of the potassium is oxidized by what is termed local action, 
without contributing in any way to the prodaction of the current. 
The distinction between local action and action which contributes 
to the voltaic effect is important, and may be illustrated by the 
difference in action of diluted sulphuric acid upon a slip of ordi- 
nary zinc and upon a slip of zinc from the same sheet which has 
been amalgamated : in the first case rapid solution of the metal 
will occur, although the connexion with the ;platinum plate may 
remain incomplete ; in the second, the zinc will be attacked only 
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when tlie circuit is completed ; but the unamalgamated zinc will 
prodnce no greater voltaic eifect than an equal shp of the metal 
which haa been properly amalgamated. In no instance ie the 
force in circulation increased hy the local action on t}ie plates, 
■whatever be the nature of the metal. 

Wheatstone liaa devised a method (374) of measuring the 
amount of the dectro-moHve force, or energy of the voltaic 
power, produced by any combination ; and he has by this means 
proved conclusively that tliis energy depends upon the intensity 
of the chemical action between the elements of the liquid and the 
metals which compose the circuit. He has shown that it any 
three of tiese dissimilar metals be taken in their electrical order 
and be formed in pairs into separate circuits, the force generated 
by a combination of the two extreme metals of the series is equal 
to the sum of the forces developed when the intermediate metal 
is separately combined with each of the other two in succession. 
For example, the voltaic energy, or electro-motive force, excited 
between platinum and an amalgam of potassium may be repre- 
sented by the number 69 : the electro-motive force between pla- 
tinum and zinc, expressed in terms of a similar standard, is e^jual 
to 40 ; and in a similar experiment between zinc and potassium, 
where zinc acted tlie part of a negative metal towards the potas- 
sium, the number obtained was 39. Now 

the amount of force between platmum and zinc = 40 
the amount of force between zinc and potassium = 39 

the two taken together = 69 
and this number, 69, is identical with that obtained by opposing 
platinum to the amalgam of potassium. 

(261) Direction of the Current dependent on the Direction of 
the Chemical Action.— l-a. all these cases the positive electricity 
sets out from the more oxidizable metal, whicTi may be termed 
the positive, or generating plate, and traverses the liquid towards 
the less oxidizable metal which forms the negative or conducting 
plate : from the conducting plate the force is transferred to the 
wire, and thence in turn to tlie generating plate ; and in this way 
the circuit is completed. Unless this ehrculation can take place, 
all the phenomena of voltaic action are suspended. Since the 
chemical action of any combination is thus always in one uniform 
direction, the motion of a magnetic needle under its influence is 
equally uniform ; the amount of force which is thrown into cir- 
culation, whether it be measured by its magnetic or by its heat- 
mg effects, is proportioned to the quantity of the positive metal 
which is dissolved in a given time. 

Every liquid which is active in exciting a voltaic current may 
be regarded as consisting of two groups of substances, one of 
which attacks the generating or positive plate, _and may be 
termed the electro-negative constituent of the liquid, wliilst the 
other is transferred to the conducting or negative plate, and con- 
stitutes the electro-positive constituent. 
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The elementarj' bodies have indeed been classified upon this 
principle into electro-positive and electro-negative substances ; 

EUctTO-chemical Order of the Prmcvpal Elements. 



Electro-negative. 



Gold 
Platinum 
Palladium 
Mercury- 
Silver 
Copper 
Bismuth 
Tin 
Lead 
Cadmium 
Cobalt 
Nickel 
Iron 
Zinc 

Manganese 
Uranium 
Aluminum 



Calcium 

Strontium 

Barium 

Lithium 

Sodium 



Sulphur 

Selenium 

Nitrogen 

Pluorine 

Chlorine 

Bromine 

Iodine 

PhoBphonis 

Arsenicum 

Chromium 

Vanadium 

Molybdenum 

Tungsten 

Boron 

Carbon 

Antimony 

Tellurium 

Titanium 

Silicon 

Uvdrogen, 



hydrogen and most of the metals being electro-positive ; oxygen, 
chlorine, and other substances of this natm-e being electro-nega- 
tive. In tlie preceding table the more important of the elements 
are arranged in the dectro-ehemical order on the authority of 
Berzelius. It has been remarked that the more strongly electro- 
positive metals crystallize in forms belonging to the regular sys- 
tem, whilst the non-metaUie elements, and those metals which are 
most electro-negative, crystallize generally in other forms. 

It isprobable that the order here followed is not exactly cor- 
rect. Fluorine, and chlorine perhaps, ought to stand at the head 
of the list ; there is no doubt that hy<^og^^ should stand much 
nearer to potassium ; and according to late experiments aluminum 
should take its place between lead and cadmium. It is also cer- 
tain that the elements do not under all circumstances maintain 
the same relative order, but that in particular cases the order is 
altered : for example, in strong nitric acid, iron is nearly as elec- 
tro-negative as platinum ; again, a metal may be electro-positive 
when it forms the basyl of a salt, but electro-negative when 
associated with the elements of the acid constituent. Indeed it 
may be laid down as an invariable rule that whenever the chem- 
ical action is inverted Uie direction of the current is inverted also. 
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The voltaic order of the metals given above is that wliicli is ob- 
served when diluted acids are used as the exciting liquids, but it 
by no means represents the order in -which they stand when the 
current is excited by the use of a caustic alkaline solution or a 
sulphide of the alkaline metals. This point is well exemplified 
in the following results given by Faraday (Phil. Trans., 1840, p. 
113). The metals which stand first on each list are negative to 
all those which follow them. The place of iron in the strong 
nitric acid is that which it shows immediately on immersion ; it 
s much more powerfully electro-negative afterwards :— 
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no infl n ]. n 
certainly through the liquid from a square inch of zinc to a square 
foot of copper as from a square foot of zinc to a square inch of 
copper. The spread of this force may be traced in an interesting 
manner by substituting a solution of sulphate of copper for sul- 
phuric acid aa a part of the exciting liquid ; copper will be 
fiirowii down instead of hydrogen, and by its colour and thickness 
will very accurately indicate me extent and direction of the ac- 
tion. The experiment is easily made by taking advantage of a 
property possessed by porous diaphragms, in consequence of 
which, a piece of any animal membrane, or of unglazed earthen- 
ware, which can be thoroughly wetted by the liquids, will allow 
the current to traverse it without opposing any material obstruc- 
tion to its passage. Diluted sulphuric acid may thus be em- 
ployed upon one side of the diapnragm, and a solution of sul- 
phate of copper upon the other side : under 
these circumstances a current would be freely ^i" ^oe. 

transmitted, whilst the two liquids would be 

Srevented from intermingling. For examjjle, 
it a piece of bladder, S, tig. 206, be tied 
firmly over the lower end of a wide tube open 
at both extremities ; place some diluted sul- 
phuric acid, A, in the tube, and suspend a rod 
of amalgamated zinc, z, in its axis ; support 
the tube so that its lower end shall dip be- 
neath the surface of a solution of sidphate of copper, s. contained 
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in a shallow glaes diah, upon the hottomof whicli rests a sheet of 
copper, c: on conneetiiig the zinc and eopperby the wire, w, 
voltaic action will ensue, and a deposit of metallic copper will be 
produced upon the plate, c. It will, however, be observed that 
this deposit does not take place uniformly over the surface of 
the sheet c, but that it eoinmences in the centre in a circuit- 
form ; the layer of copper shows itself first at the point immedi- 
ately beneath the extremity of the zinc rod, and it is at this point 
that the greatest thickness of the deposit occurs ; it gradually 
becomes Snnner towards the circumference of the circle, which, 
liowever, continues to increase in diameter as the experiment pro- 
ceeds, until, if sufficient time be allowed, the plate is covered with 
reduced copper. 

Whilst a metal ia thus rendered electro-negative by voltaic 
action, it is no longer liable to the ordinary action of chemical 
agents. A beautiful application of this principle was made by 
Davy to the prevention of the corrosion of the copper sheathing 
of ships by the action of sea water. Copper is the material best 
adapted to preserve the timbers of tlie ship from the attacks of 
marine insects and boring animals ; but this metal, when sub- 
jected, under ordinary circumstance, to the combined influence 
of tlie salts dissolved in sea water and of the atmospheric air 
■which it also holds in solution, experiences corrosion, which in 
the course of a few years rendei-s it neceisary to renew the cop- 
per. It was, however, discovered by Da-vV, that by placing 
pieces of zinc, or of cast-iron, in contact with the copper under 
water, this corrosion could be prevented ; and that a snrface of 
zinc, not exceeding j^-g of that exposed by the copper, was ade- 
quate to the entire protection of the copper, the whole of the 
cliemical action being transferred to the zinc ; and that even 
when the surface of zinc was reduced imtil it was only equal to 
Tj'iy of that of the copper, a considerable preservative effect was 
experienced. But the very success of the experiment iu the 
direction anticipated, created difficulties of another kind ; earthy 
matters, consisting of compounds of calcium and magnesium, 
were deposited from the sea water by the slow voltaic action, 
and they attached themselves to the surface of the copper ; weeds 
and shell-iish found in this deposit a congenial pabidum, the bot- 
tom of the ship became foul, the sailing qualities of the vessel 
were necessarily impaired, and the system of voltaic protectors 
was abandoned. For some years past a kind of brass, introduced 
ij Ml-. Muntz, which admits of being rolled whilst hot, has, in 
the merchant service, been largely and advantageously substituted 
for copper as a material for ships' sheathing. In thia_ case the 
zinc and the copper are combined in the sheet itself, which is less 
^Idly corroded than if composed of either metal separately. 
The protective influence of zinc both on copper and on iron is 
readily shown by exposing bright bars of these metals in separate 
Tessels, either in sea water or m a solution of common salt con- 
taining an ounce of salt in each pint of water. If a fragment of 
zinc be attached to one of the bars of copper and to one of the 
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bars of iron, these bars will remain bright, whilst tlie zinc ia cor- 
roded ; but tlie unprotected bars will, in afew hours, give evi- 
dence of the commencement of chemical action. 

"Another remarkable proof of the dependence of the cnrrent, 
for its direction and its force, u^on chemical action, is afforded 
by the manner in -which a voltaic circuit may be produced he- 
tween two surfaces, one of which has a stronger attraction for 
hydrogen than the other possesses. For example, when two 
clean plates of platinum are immersed in diluted acid, and con- 
nected with a galvanometer, no voltaic action is excited ; but the 
case is different if one of these plates be first coated with a film 
of some metallic peroxide, such as peroxide of manganese {MnOX 
proxide of lead {PhO^, or peroxide of silver (Ag,(3,). The plati- 
num plate may be thus coated by irameraiug it in a solution of 
sulphate of manganese, of nitrate of lead, or of nitrate of silver, 
and connecting it with the platinum side of a weak voltaic ar- 
rangement for a few minutes, whilst the liquid is connected by a 
second plate with the zinc end of the battery : the plate, after it 
has been thus coated with the oxide, must be well washed with 
distilled water. If it be then opposed to a plate of clean plati- 
num, and immersed in any dilated acid, it will originate a cur- 
rent which depends upon the chemical attraction of the hydrogen 
of the diluted acid for the second atom of oxygen in the peroxide. 
In a combination of this description the clean platinum becomes 
positive, and corresponds to the zinc plate, whilst the coated 
platinuin becomes negative. The coated plate, although nega- 
tive, thus becomes the generating or active surface, and transmits 
the current at once to tlie conducting wire. 

Faraday has shown that the direct contact of dissimilar metals 
is not necessary to the production of the voltaic current, provided 
that they are connected by some liquid of suffleient'conducting 
power. This is a point of considerable importance,^ as it shows 
tliat Volta's theory of ^le origin of the force, which is still main- 
tained by many philosophers who have not made the chemical 
phenomena of the pile their especial study, is deficient in accu- 
racy. The following is the simple experiment, which proves the 
point now under discussion : z, fig. 207, is a plate of zinc, bent 
at a right angle ; p, a platinum plate, to which 
a platmum wire is attached. At a, a small 
piece of blotting paper, moistened with a solu- 
tion of starch and iodide of potassium, is inter- 
posed between the plate of zinc by which it is 
BUppoi-ted and the platinum wire which rests 
upon it ; no change occurs in the solution of the 
iodide until the two plates are immersed in 
diluted nitric acid ; but in a few minutes after 
Buch immeraion, evidence of a current in the 
direction of the arrow is afforded, by the ap- 
pearance of a blue spot against the platinum 
wire, due to the liberation of iodine, from the decomposition of 
the iodide of potassium by the voltaic action. 
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(262) CiTGuits with one Metal and two Idquids. — For the 
eBtabiislimcnt of a voltaic cuirent, it is further neceseaiy that the 
body which decomposea the liquid be a conductor of electricity, 
in order to cany off the force generated ; hut it is not necessary 
to use two dissimilar metals, provided that one extremity of the 
metal he plunged into a liquid capable of acting on it, whilst the 
other extremity dips into a different liquid which has little or no 
action on the metal, but which communicates ireely with the first 
liquid. 

Take, for example, a tube bent into the form represented in 
Place a plug of tow in the bend; into one limb, a, 




puura^ol onofcho d of opper(6MCJ n 1 e o 1 er 1 n b 
b, place a solution of common salt (Na CI) (chloride of sodium). 
Connect the open ends of the tube by bendiug a strip of copper 
so that one end of it shall dip into the solution of copper and the 
other end into the solution of salt. Crystals of copper will be 
formed gradually upon the end of the strip which is immersed in 
the metallic solution, whilst the end of the strip which is im- 
mersed in the salt and water will be slowly corroded, and chloride 
of copper will be formed. The following diagram may assist in 
explaining this change :— 



(1.) Cu I OuC\CuC\ I Na,Cl,Na,Cl, ] Cu 
(2.) CwOu I Cli^,ciri^a.Cl^,Cl,<?« ] 

Let the symbol Cu C\ represent the combination of chloride 
of copper, X a,Cl, that of chloride of sodium, the line at A being 
used to show the position of the plug of tow. If ISTo. 1 indicate 
the state of tilings before any change has occuiTed, No. 2 will 
represent the change after the circuit is complete. 

If the strip of copper he divided in the middle, and the two 
ends be connected with a galvanometer, o, as shown in flg. 208, 
2, a current is found to be circulating through the apparatus. A 
still simpler arrangement may be adopted ; if a long straight tube 
be filled half i'ull with diluted sulphuric acid, and the remainder 
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witli a solution of sulphate of copper, a strip of copper plunged 
into it will be dissolved below, while an equal amoimt of copper 
will be deposited on the upper extremity ; from the extreme 
elowness and regularity of the action, the metal will assume the 
form of crystals. Becquerel, by using various liquids in the two 
limbs of the bent tube (No. 1) has obtained many of the metals 
crystallized in forms of great beauty- 

By employing two dissimilar metals in the metallic are, as p z, 
(fig. 208, 3), a more powerful but equally reeular action may be 
excited. If a solution of common salt be placed in one limb, h, 
and a solution of green chloride of iron in the other, a, wliilstthe 
zinc end of a compound arc of zinc and platinum is plunged into 
the first, and the strip of platinum is immersed in the second 
liquid, tetrahedral crystals of iron will in a few days be deposited 
upon the platinum. If a little chloride of iron be mixed with 
chloride ot zirconium, and substituted for the chloride of iron in 
the limb a, plates of zirconium will be obtained, of a_ steel-gray 
colour, and which, by exposure to the air, become oxidized and 
fall to a white powder. 

Becquprel has shown, that within the strata of the earth sim- 
ilar actions are going on ; and R. W. Fox and others, by con- 
necting the surfaces of two contiguous lodes of metallic ore by 
means of wires attached to a galvanometer, have succeeded in 
demonstrating to the eye tlie existence of these feeble but con- 
tinuous currents which are probably the cause of the accumula- 
tion of the different metals in regular beds, and of their beautiful 
crystalline arrangement. 

Other combinations may be produced, in which the mutual 
action of the two liquids originates the current, the metal merely 
serving as a conductor, Becquerel was the first to point out the 
means of obtaining circuits of this description, of which the fol- 
lowing is a good example: — ^If a small porous vessel be filled 
with nitric acid, and be immersed in a second vessel containing 
a solution of hydrate of potash, on plunging two platinum plates 
connected with the wires of a galvanometer, one into the acid, 
the other into the alkaline liquid, a steady current of considerable 
intensity will be produced, and will be maintained for many 
days, in a direction passing from the potash to the nitric acid, 
and thence returning through the galvanometer to the alkaline 
liquid. A still more powerful combination was obtained by 
Matteucci on substituting a solution of pentasul^hide of potas- 
sium for the caustic potash. A single cell of this constraction 
decomposed acidulated water if interposed between the platinum 
wires, and on breaking contact a distinct spark was perceptible 
at the surface of the mercury employed to connect the two plati- 
num wires. Arrott {Phil. Mag. xxii. 427) has described a 
variety of othei- eases of this kind. These actions, however, will 
be more conveniently studied in connexion with the chemical 
effects of the voltaic battery at a future point (289). 

(263) Summary.— The conditions necessary to the production 
of a voltaic current may be shortly recapitulated as follows : — 
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Though the contact of dissimilar metals produces electric dis- 
turhanee, chemical action is necessary to propagate the voltaic 
ctirrent. This chemical aetion nmst be produced by means of a 
compound liquid, which is decomposed in the process, one of the 
constituents of the liquid entering into comhination with one of 
the metals. In the transmission of the voltaic power, a polariza- 
tion of the liquid, as well as of the solid portions of the circuit, is 
produced, and this polarization of the liquid is attended with the 
separation of its constituents into two groups, one of wliieh 
unites with the positive metal, whilst the other makes its appear- 
ance at the same moment upon the negative plate. The activity 
of the comhination, or its electro-motive force, is greater, tlie 
greater the difference between the chemical attraction of the 
electro-negative constituent of the exciting liquid for the two 
metals which are opposed to each other in the particular case. 
The relative size of the plates employed has no influence on the 
direction of the current which is produced. Contact of two 
metals is not necessary to the production of voltaic action : cir- 
cuits may be formed between one metal and two liquids, if the 
liquids be in liquid communication with each other, an^ if their 
chemical attractions for the metal be unequal. It is even possi- 
ble to obtain a current from tlie mutual action of two dissimilar 
liquids, if these liquids exert a chemical action upon each other, 
by connecting the liquids througli the intervention of a metal 
upon which tliey exert no chemical influence, and which tliere- 
Ibre simply performs the part of a conductor. 

Different forms of the Yoltaic Battery. 

(264) Counteracting CurrerUs : Gas Battery. — We shall now 
the consideration of those forms of voltaic combination 



which are the most important in practice, and in which, general- 
ly, two dissimilar metals are employed. 

It has been already stated that the amount of force set in 
motion in a voltaic arrangement, depends upon the difference 
between the attraction of the two metals for the active principle 
or radicle of tlie acid. Under circumstances favourable to the 
production of a current, decomposition of the liquid which excites 
the action always occurs ; the elements of tlie liquid are separated 
from each other, and they either combine with the metallic plate, 
or else they accumulate upon its surface, giving rise to the condi- 
tion of the plates which is often described under the inappropriate 
term pola'nsation of the plates or electrodes. Tliese adhering 
substances oppose the voltaic action and enfeeble it, owing to the 
tendency of the separated components of the liquid to re-unite. 
When, tor example, diluted sulphuric acid is used, it becomes a 
desideratum to get rid of the hydrogen which adheres to the pla^ 
tinum, and produces a current in the opposite direction. The 
existence of this counter-current may be rendered evident by 
connecting with one end of the ivire of a galvanometer a plati- 
num plate which has been thus opposed to a plate of zinc : on 
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attaching to the other end of the galvanometer wire a second, 
but clean platimira plate, and plunging both into diluted acid, 
a powerful deflection of the needle will be observed. 

This observation has been ingeniouBly applied by Grove, who 
has constructed what he terms a gas lattery, by opposing a plate 
covered with oxygen to the plate coated with hydrogen, whilst at 
the same time he increases the surfaces of contact between the 
platinum and the oxygen and hydrogen. Tig. 209 represents a 
cell of this battery. It consists of two twbes, o and 
H ; through the upper extremity of each paases a F'«- ^oo. 
platinum wire, which is fused into the glass, and 
attached to a platinum plate sufficiently long to 
reach to the bottom of the tube. The surfaces of 
these plates are coated by means of voltaic action 
with tinely-divided platinum, for the purpose of 
increasing the surfaces of contact between the 
metal and the gas. The tube n has double the 
capacity of the tube o. These tubes are supported 
in the vessel a, by the plug through which they 
pass. In order to use the apparatus, the vessel s is 
hlled with diluted sulphm-ie acid, and by inverting 
the cell the tubes are likewise filled with the liquid. 
The plates in the tubes o and ii are then connected 
by tlie mercury cups at top with the wires of a 
voltaic battery in action, so that by the decomposi- j 
tion of the diluted acid the tube o shall become 
filled with oxygen, and the tube ii with hydrogen. 
The tubes having been thus filled, the battery wires i 
drawn. If the mercury cups at the top of the tubes o and u be 
now connected with the wires of a galvanometer, powerful deflec- 
tion of the needle will be produced, and a cuiTent will be main- 
tained through the apparatus in the direction of the arrows. The 
two gases will gradually diminish in bulk, and will iii a few days 
entirely disappear, but the current will be maintained so long as 
any portions of the gas remain nneonibined. By connecting 8 
or 10 such cells in succession, so that the oxygen tube of one cell 
shall be connected with the hydrogen tube of the adjacent cell, 
sparks may be obtained between charcoal points, and various 
chemical decompositions may be eff'eeted. The polar chain by 
which these changes are produced, may thus be represented by 
symbols : H, SO,, indicating an atom of diluted acid, and H, 
representing the disturbing atoms of oxygen and hvdrogen : — 

'S^sb, hT^, h^, -H" 

The brackets above the row of symbols are intended to show 
the molecular arrangement before the circuit is completed ; those 
beneath the symbols show the action during the passage of the 
cmrent. 

Since no action occurs in the gas battery until metallic com- 




; with- 
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munication between the plates is effected, it appears tliat the nse 
of the platinum plates consists in favouring the action by con- 
densing the gases upon their porous surfaces, and in acting as 
conductors of the current. 

It may indeed be stated generally, that the accumulation of 
either of the elements of the exciting liquid upon the metallic 
plates of a voltaic combination, always tends to produce a coun- 
ter-current, and therefore reduces the efficiency of the combina- 
tion, to a proportionate extent. Hydrogen is the element which, 
in the usual mode of experiment, principally accumulates upon 
^e negative plate, so that any contrivance by which the adher- 
ing hydrogen is removed, exalts the energy of the circulating 
force. This removal of tlie hydrogen may be effected by means 
which act either on chemical or on mechanical principles. Tlie 
chemical principle is the most perfect. It consists in adding to 
the liquid a compound which has a tendency to unite with the 
hydrogen ; hence the energy of the current is much increased by 
mixing a little nitric acid (HiNO,) with the exciting liquid, com- 
paratively little hydrogen being set free in this case.* The same 
end is attained by adding to the sulphuric acid a solution of 
some of the metallic salts, such, for instance, as sulphate of cop- 
per {Ou,SO,). "When sulphate of copper is employed, metallic 
copper is deposited upon the negative or conducting plate, whilst 
the sulphunc acid radicle, with which it was previously united, 
combines with the zinc; A disadvantage, however, is experienced 
when the liquid which absorbs the hydrogen is in contact with 
the zinc, and this is particularly evidenced when sulphate of cop- 
per is used. The zinc acts at once on the solution of copper, and 
becomes coated with reduced copper ; hence, between the parti- 
cles of zinc and those of the reduced copper innumerable small 
circuits are produced, which occasion a violent discharge of hy- 
drogen from the entire surface of the generating metal, or rather 
from the copper deposited upon it ; but the zmc thus dissolved 
contributes nothing to the general effect ; it becomes merely a 
ease of local action (260), 

This experiment with the sulphate of copper throws light 
upon the cause of the effervescence which takes places when 
common zinc is treated with diluted sulphuric acid. Commercial 
zinc always contains lead and other foreign metals mixed with it 
in very appreciable quantity ; these act as discharges to the hy- 
drogen, and give rise to numerous local circuits at all points of 
the surface of the zinc. Perfectly pure zinc is di^olved very 
slowly in acid for want of these discharging points, but the acid 
is not absolutely without action upon the metal. Any inequality 
in susceptibility to chemical action gives rise to a current between 
two substances suitably disposed ; hence any difierence in density 
between two pieces of the same metal may suffice to cause a cur- 
rent ; and a piece of hammered zinc will generally act as a con- 
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dEcting plate to a piece of zinc well annealed. The adherence 
of a film of oxide or of fatty matter to the surface of one piece 
will also cause a difference, and hence two j)ieee9 of metal which 
may even have been cat from the same strip, may, under certain 
circumstances, produce a feeble current. 

The inconvenience which ia occasioned by local action, when 
nitric acid or sulphate of copper is mixed with the liquid which 
is in contact with the zinc, may be avoided by the employment 
of porous diaphragms; and if the zinc or generating plate be 
plunged into diluted sulphuric acid, whilst the platinum or con- 
ductmg plate is made to dip into the nitric acid or into the solu- 
tion of sulphate of copper, which is separated from the generating 
plate by means of a tube of porous earthenware, combinatiOiiB of 
great efficiency are obtained. 

(265) DanieWs Baitery.— These unportant facts were first 
clearly enunciated by Daniell. Their application to the voltaic 
battery enabled him to detect the cause of the rapid decline in 
the activity observed in all the forms of batteries which up_ to 
that period had been devised, and they led him to the invention 
of an arrangement which not only obviated these defects, and 
enabled him to keep up a current of uniform strength for many 
hours, but also furnished electrical science with a battery of far 
ffl-eater activity for its size than any which had previously been 
used. Fig. 210 exhibits a section of one of the cells of Daniell's 
combination. The outer case, c, con- 
sists of a cell, or cylinder of copper, 
which is constructed so as to retain 
liquids, and is filled with a solution of 
sulphate of copper, b, acidulated with 
an eighth of its bulk of sulphuric acid. 
The solution is kept saturated with the 
salt by means of crystals of sulphate of 
copper, D, which rest upon the perfor- 
ated shelf, F. In the axis of the cell 
is placed a tube of porous earthenware, 
E, filled with an acid solution, .v, which 
consists of 1 part of oil of vitriol di- 
luted with ^ parts of water. A rod of 

amalgamated zinc, z, is placed in this tube. On making a me- 
tallic communication between the zinc rod and the copper coll, 
a voltaic current is established ; and by employing twenty or 
thirty cells of this description, always connecting the zinc of one 
cell with the copper of the nest, a combination of great power ia 
obtained. 

The following diagram may serve to explain the manner in 
which the force is transmitted through the cells: — the diluted 
sulphuric acid may be regarded as a compound of hydrogen with 
sulphur and oxygen, and is represented as H^SO^ : whilst sul 
phate of copper may bo looked upon as a compound of copper 
with the same compound of sulphur and oxygen, and is indicated 
by the symbol OtiSO^. Let the brackets above the row of sym- 
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bols represent the conuexion of the particles which compose the 
liquid before contact is made between the platea Cv, and Zm at 
the ends. The alteration in the molecular airangement of the 
liquid whicli oecui-s after the connexion is made between tlie cop- 
per and the zine, may be represented by the altered position of 
the brackets beneath : the line a, wMcli divides the symbols of 
'the sulphate of copper from those of the stilplnTric acid, in this 
case represents the porous diaphragm : — 

Cu O^O, G^O, I H^, :^^, Zn 

The result of the action is, that so long as tiie contact between 
the plates is maintained, sulphate of zine is fonned uninterrupt- 
edly in the porous tubes, whilst a continual deposit of a corre- 
sponding quantity of metallic copper takes place upon the inter- 
nal surface of the copper cylinder. Fig, 211 shows a convenient 




and inexpensive form of Daniel's batterj-. The solution of sul- 
phate of copper is contained in glass or earthenware jars 7 inches 
deep, and 3J- inches in diameter. The copper plates consist 
merely of rectangular sheets of copper, one of which is repre- 
sented at A ; they are bent into a cylindrical shape and placed in 
the jars. By means of the strip J, each plate is easily connected 
with the zinc rod of the adjacent cell, and made fast to it by the 
binding-screw c. The colander, for the support of the cr}'8tals 
of sulphate of copper, rests upon three or four little pieces of 
copper, which are made to project inwards upon the sheets, at a 
suitable height as shown at A. At b, several cells of the battery 
are represented as arranged in a consecutive series. Twenty such 
cells compose a battery adequate to the performance of almost 
any experiments of the chemical decomposition of bodies in solu- 
tion. 

It is essential in mounting a voltaic arrangement of any kind, 
tliat the surfaces of contact between the metals be perfectly clean ; 
a film of oxide will materially impede the transmission of tlie 
current, and if the force in circulation he feeble, it may even 
arrest it altogether. Aa a precaution, it is better before connectr 
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ing the different parts of tbe apparatus, to pass a file or a piece 
of emery-papei- over all the surfaces of the copper, tlie zinc, or the 
other oxidizable metals which are to be placed in contact with 
each otlier. Surfaces of platinum, if well washed and dried, do 
not need friction with emery-paper. 

(266) Orove^s JVitnc-Aeid Battery. — The nitric-acid battery, 
contrived by Grove, is a still more powerful combination on the 
same principle as Daniell's, It consists of a slip of platinum, p, 
" , 213, which is plunged into the porous tube, n, and this is 
filled up with undiluted 
1 trie acid. The outer 
^ ell, s, is filled with di- 
1 ted sulphuric acid, and 
in this acid is placed a 
flat sheet of amalga- 
n ited zinc, z, bent so as 
t nfold the porous tube. 
The acid liquid in s may 
be conveniently made of 
1 measure of oil of vitriol 
diluted with 4 measures 
of water. This combi- 
nation presents in a smill compass the pi ncipal desiderata for 
attorning intense ^ oltaic action Platinum is the least liable of 
the metals to chemical action whil&t amongst the metals tliat 
adm t of being ea&ily wrought zinc is tj e one which is most 
readily attacked by acids , consequently the opposition of plati- 
num to zinc furnishes a most effective voltaic combination ; whilst 
nitric acid absorbs with ease the hydrogen liberated on the plati- 
num, and thus forms water and nitrous acid, which remain in 
solution in the undecomposed acid ; the resulting liquid consti- 
tutes one of the most perfect of liquid conductors. If HNO,C in 
the following diagram represent nitric acid, and 11,80, diluted 
sulphuric acid, Pt the platinum plate, and Zn the zinc one, the 
molecular arrangement will be indicated, before the action by 
the position of tlie brackets above, and after the action by the 
position of those below. 

Pi Kmxd I u^o, hT^, Zn 




With a battery of ten such cells, 5 inches high and 2J inchra 
wide, a large number of brilliant experiments may be perfonned, 
but four or five cells are generally sufficient for most pui'poses of 
electro-chemical decomposition. If oil of vitriol be mixed with 
the nitric acid in the porous cells in the proportion of about equal 
measures, a current is thus obtained, the strength of which ia 
more uniform than when nitric acid only is used (Callan). 

With a view to economy, Bimsen substitutes for the platinum 
plates in Grove's battery, cylinders of carbon, prepared by heat- 
ing together a mixture of powdered coke and c^ing coal, or pow- 
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dered eobe moistened with a strong solution of sugar. A firm 
colierent coke ia tlma obtained. Cylinders made of this material 
answer well while new ; bat being porous, the carbon abaorbs the 
nitric acid, which corrodea and impairs the Biirfaee of contact 
with the zinc. A better material is the hard carbon from the 
^s retorts, but it is difficult to shape it into the form of plates. 
Poggendoi"ff (Ziebic/'s Aimal. xxxviii. 308} has employed plates 
either of slieet iron or cast iron instead of either platinnm or car- 
bon ; in strong nitric acid the iron is totally unacted on ; but if 
the acid become diluted till it has a specific gravity of 1'35, or 
less, it is liable to act upon the metal with uncontrollable 
violence. Ko combination possesses the intense energy, in union 
with convenience of working and comparative durability, in the 
same degree as that proposed by Grove. It ia necessary, how- 
ever, to place the nitnc acid battery so that the fumes of nitric 
acid (which are copiously evolved during its action, especially 
after the battery has been in use for some time) shall pass at 
once into the open air ; as they would otherwise seriously incom- 
mode the operator. 

(367) The other mode of obviating the counteracting agency 
of hydrogen upon the negative plate of the battery is less perfect, 
and is of a mechanical nature. It was first practically applied by 
Smee in the construction of the voltaic battery. Hydrogen ad- 
heres to smooth surfaces of platinum and other metals with con- 
siderable force, but it passes ofl' with ease from their asperities' 
and edges : by multiplying their points and irregularities, as, for 
example, by the deposition of metal on the surface in a pulveru- 
lent form, the escape of the gas is much facilitated. Smee em- 
ploys as the negative or conducting plate in his battery, a plate of 
silver, the face of which has been roughened by the deposition 
of finely divided platinum upon its surface ; each side of the silver 
plate being exposed to a plate of zinc well amalgamated, and of 
equal extent, ivhich acts as the positive plate. This pair of plates 
is excited by means of diluted siilphurie acid. Fig. 213 represents 




a battery constructed upon Smee's principle : a thin platinized 
fiilver plate is supported in a light frame of wood, as shown de- 
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tachcd at a ; to the upper part of this frame a binding-screw, in 
metallic connexion with the silver, is fastened, for the purpose of 
connecting the plate witb, the zinc plates of the adjoining cell, by 
means of a strip of sheet copper bent as at <; ; on cither side of 
the silver plate a sheet of amalgamated zinc, z, z, is supported by 
the claiTip shown at h ; the zinc plates are prevented from con- 
tact with the silver plate by means of the wooden frame, and 
they are connected with the silver of the adjacent cell by a 
second binding-screw in the clamp shown at h ; the separate 
plates are attached to a wooden frame, and being counterpoised 
liy weights, as indicated in the figure, can be lowered into the 
trough of acid when wanted for nse, or can be withdrawn from it 
when the experiment is over. The trough is divided into separate 
cells or compartments for each pair of plates, by glass partitions 
rendered water-tight by means of a resinous cement. 

(268) Resistances to the Voltaie Cwrrent. — ^The amonnt of 
force which circulates in any given circuit is not dependent solely 
upon the energy of the chemical action which is exerted between 
the generating metal and the exciting liquid. The current expe- 
riences a retardation or a resistance from the very conductore by 
which its influence is transmitted ; just as in the transmission of- 
mechanical force, tlie intervention of the pivots and levers which 
are required for its conveyance introduces additional friction and 
additional weight, which require to be overcome or moved, and 
which thus diminish the efficient power of the machine. 

The resistance to the voltaic current may be considered as of 
two kinds — first, that resistance which arises fTom the exciting 
liquid employed in the voltaic cell itself; and secondly, that 
which arises from the conducting wire and apparatus exterior to 
the voltaic cell. In a large numoer of eases the resistance offered 
by the exciting liquid is by much tlie most considerable, and it is 
inseparable from tlio combination ; whilst the second sonree of re- 
sistance, or that which is exterior to the cell, can be increased or 
diminished at pleasure, and by the employment of very short 
and thick wires for connecting the plates, can bo virtually re- 
moved altogether or annihilated. It will be advisable to con- 
sider first the resistance produced by the liquid in the active cell 
itself. 

If plates of equal size be taken, the resistance occasioned by 
the liquid increases directly as the distance between the plates ; 
the longer the column of imperfectly conducting matter which 
the force has to traverse, the greater is the difficulty which it will 
experience. If two plates be immersed in acid at the distance of 
an inch asunder, they will produce 12 times the effect that they 
would occasion at the distance of a foot from each other. On the 
other hand, the larger the area of the plates that are immersed, 
the less is the resistance. For example, if a pair of plates 1 inch 
broad and 12 inches long, be immersed in acid to the depth of 1 
inch only, the current produced will only be equal to one-twelfth 
of that which would be obtained by immersing each plate for its 
whole depth of 12 inches in the liquid. The resistance of the 
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liquid is tlierefore directly as the distance between the plates, and 
inversely as the surface of the plates exposed to its aetion. A 
pair of plates exposing each a square inch of surface, immersed in 
acid at a distance of 1 inch apart, will consequently j>roduce an 
effect equal to that which would be obtained from a pair of plates 
which eacli exposed a surface of 12 square inches to the action of 
tlie liquid, if they were 12 inches apart. 

A ease somewhat analogous is offered when water la trans- 
mitted through pipes. Tlie greater the length of the pipe, the 
more considerable will bo the friction and the consequent resist- 
ance to the passage of the liquid ; whilst the larger the area of the 
pipe the more reMily will the water escape. An aperture whi.ch 
exposes a sectional area of two square inches will allow twice 
as much water to escape from it in a given time as an aperture 
of which the superficial area is but a sinsle square inch. 

If the two plates are of unequal size, out are immcrBed paral- 
lel to each other, tliey may, for most practical purposes, be cal- 
culated as each exposing a surface equal to the mean surface of 
the two. Other circumstanceB independent of the extent of sur- 
face exposed by the plates, and the distance between them, mate- 
rially influence tite resistance of different liquids to the current. 
Any cause that favours chemical action between the active metal 
and the liquid, or which diminishes the force by which the elements 
of the liquid are united, such as elevation of temperature, dimin- 
ish^ the resistance of the liquid. In most cases an increase in 
the concentration of the solution, provided its strength he not so 
great as to render deposition of crystals liable to occur, diminishes 
9ie resistance (278). The current likewise experiences a specific 
resistance in each liquid which depends upon the force with 
which its particles are united together. 

Similar, but distinct r^istance, though to a less extent, is 
offered by the metallic part of the circuit. However good its 
conducting power may be, it always offers some obstruction to 
the current. The longer the wire employed, the greater is the 
difficulty experienced by the force in -traversing it. Tlie resis^ 
ance of each metal, like that of each liquid, is specific. Copper 
and silver, for instance, when wires of equal thickness and length 
are compared, offer far less resistance to a given amount of force 
than less perfect conductors, such as iron and lead. Experiment 
has demonstrated that with metallic conductors the same law 
holds good as with liquids — viz., that the conducting power is 
invei-s^y as the length of the wire, and directly as the area of its 
section. In cylindrical wires this sectional area wi\\_ of coui-se 
vary as the square of the diameter of the wire ; for instance, a 
wire tV of an inch in thickness will for equal lengths offer four 
times the resistance of a wire -^^ or } of an inch thick. If wires 
of the same metal, and of eqnal lengths, be compared, the resist- 
ance will vary inversely as the weights of the wires. 

In the experiment with sulphate of copper (lig. 206), the 
metal is deposited in greatest quantity where the force is most 
i-eai^ly transmitted — viz., in those pomts which are nearest to 
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the zinc, and where the resistance offered by the liquid, which 
here forms the thinnest layer, is consequently the least. 

A rod of zinc supported within a cylinder of copper forms a 
convenient arrangement of the generating and conducting plates, 
because, when such a rod is placed in the axis of the cylinder, the 
force is evenlr distributed over the whole surface of the copper. 

(269) Difference between a Sim.ple and a Compound Circuit. — 
The observations hitherto made have referred to cases in which 
only a single pair of metals is employed. It will be necessary 
now to consider in what way the results are modified by the em- 
ployment of several pairs of jilates. It has already been stated, 
when speaking of tlie electricity developed by friction, that when 
a large supply of electricity is needed, it may be obtained witli 
equal effect either from a single Leyden jar which exposes a large 
extent of coated surface, or from a number of smaller jars winch 
together expose the same amount of coated surface, all the inner 
surfaces of the small jars being in metallic communication with 
each other, but insulated from the outer coatings, all of which 
likewise are connected by some good conducting material (235). 
A similar result is also obtained in voltaic arrangements. Pro- 
vided that tlie plates expose the same extent of surface and be 
kept at an equal distance apart, it matters not whether they be 
immersed in a single vessel of liquid, or whether they be cut up 
into strips and be immersed in pairs in separate vessels of the 
same liquid. The only requisite is that all the .zinc plates shall 
be connected together by stout metallic wires, and that all the 
platinum plates shall be similarly connected by other wires. No 
action will occur until metallic communication between one of 
the platinum and one of the zinc plates is eftccted by moans of a 
conducting wire ; and then the whole force of the united plates 
will ti-averse the connecting wire. 

These results may he exhibited to the eye in a form of battery 
in which the hydrogen evolved from each platinum_ plate admits 
of being collected — a contrivance proposed by Daniell, which he 
called a dissected hatt&ry. Fig. 314 shows the manner of mount- 
ing one of these cells. When in use 
the cells are charged with diluted . *'"■ ^'*- 

sulphuric acid, and a small griduated 
jar, II, also filled with the diluted 
acid, is inverted in each of the celU 
over the platinum plate, p, in such a 
manner as to receive the ]ivdrOji;en 
which is disengaged during the oper 
ation. The plates of such a battery 
can easily be connected so that ill 
the plates of zinc, z, shall be united 
by conducting wires, and all the pla 
tinum plates in a similar way bj 
otlier wires ; or they can with equal 
readiness be united so that the zmc 
of one cell shall be connected with 
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tlie platinum of tlie following cell. Suppose, for instance, two 
plates (z and p, fig. 215), one of zinc, the other of platinum, each 
six inches square, be immersed in a vessel of sulphuric aeid, at a 
distance of an inch apart, 

A current of a certain *''<'■ sis. 

amount of power will be 
obtained on connecting 
the two plates by means of 
a. wire, w ; and in five min- 
utes a certain quantity of 
zinc will be dissolved, 
wiiilst a corresponding quantity of hydrogen gas will escape 
from the platinum. Now if tlie zinc and the platinum be each 
cut into strips of an inch broad and six inches long, and the sev- 
eral pairs of zinc and platinum strips be immersed in separate 
vessels of diluted suphuric aeid at the distance of one inch from 




each other, and ij', as in fig. 316, all the zinc strips z, z, be con- 
nected by wires, and all the platinum strips, p, p, be similarly 
united, — on connecting them together by a wire, as shown at w, 
the same amount, of power will traverse the wire as in the first 
combination, and the quantity of zinc dissolved in the six plates 
taken together will in five minutes be the same as that which 
was diss^ved from the single zinc surface in the first asrrange- 
meat ; whilst the quantity of hydrogen gas which will rise from 
all the six platra of platinum together will be equal to that ob- 
tained from the single plate in the former expenment (fig. 215). 
Such a combination, in whichever of the forms just described it 
be employed, may bo regarded as a single pair of plates, and it 
constitutes a simple voltaie circuit. 

By acting upon extensive surfaces arranged in simple circuits, 
the quanin;^ of electricity which can be thrown into circulation 
is very large, though its m-tensity, that is to say, its power of 
overcoming resistances, is comparatively small. 

The results would, however, be altered if, instead of connecting 
the divided plates together in the manner represented in fig. 216, 
they were connected as in fig. 217, in which the zinc in each cell ia 
supposed to be connected with the platinum plate of the adjacent 
cell, in regular order through the series. When the extreme plates 
ai-e connected by a thick wire, w, the amount of force which tra- 
verses this wire in a given time is equal to one-sixth only of the 
force which was thrown into circulation in the former instances ; 
but the quantity of zinc dissolved in tlie six cells taken together 
is the same as before : and if the hydrogen be collected from the 
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six platinum plates, the quantity -will still be equal to that dis- 
FiG. 217, 




engaged in tlie experiments shown in figs. 215 and 216. The 
current has now to traverse each cell of the liquid in euccession, 
and thus has to encounter a great additional resistance. Yet 
now the power starts from six separate points of origin, and each 
of these separate points adds its energy or irapnlse in driving 
forward the current. The electro-raotive force is increased six- 
fold, whilst the resistance of the liquid is increased still more ; in 
the first place it is increased sixfold, from the circumstance that 
the lengUi of the column of liquid which must be traversed, is six 
times as great, and it is next fortlier increased sixfold by a pro- 
portionate diminution in the breadth of the column. In the ar- 
rangement of fig. 215 there was a column of liquid six inches 
wide and one inch thick to be traversed ; whilst in the ar- 
rangement of fig. 217 there is a liquid column six inches thick 
and only one inch wide to be traversed. -Wljen the plates are 
an-anged in separate compartments, and are connected together 
alternately, as m fig. 217, they eonstitute a compound voltaic cir- 
cuit. Volta's pile (fig. 202) and his crown of cups (iig. 203) are 
therefore compound circuits, and it is this form of combination 
which enabled him to obtain results so much superior to tliose of 
any previous experimenter. The electricity in this case is not 
greater in quantity than that obtainable from a simple circuit ; 
nay, it is often much less ; but it has a mach higher intensity, 
and its power of overcoming resistances is very much greater, as 
a further examination wilt show. If, for example, 50 or 100 
miles of wire, such as is used for telegraphic purposes, be intro- 
duced in a combination arranged, as in fig, 216, as a simple cir- 
cuit, the effect obtained would be very materially less than if the 
same plates were arranged in the form of a compound circuit, as 
shown in fig. 217. 

(270) Ohm'a T/i£ory. — Tliese considerations may be much 
simplified, by representing the mutual action of the electro-rao- 
tive forces and the resistances of any circuit, simple or compound, 
in the form of a fraction, in the way proposed by Ohm. 

It has been found by experiment that the power of any com- 
bination is directly proportioned to the electro-motive foree, or 
chemical energy between the active metal and one of the elements 
of the liquid upon which it acts ; and inversely proportioned to 
the resistances to be overcome. The numerator of the fraction 
will therefore be represented by _£", the electro-motive force, and 
the denominator hy B + r ; where Ji represents the resistance in 
the cell or the battery, (due chiefly to the attraction between the 
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elements of the liquid for each other), and r all resistances exte- 
rior to the cell or the battery, such as the connecting wire : thus 
the expression -g^— ^, would represent the effect of any com- 
bination where A indicates tlic amount of force actually in circu- 
lation, whether measured by its heating or by its magnetic effects. 
If the connecting wire be very thick, so as to offer little or no re- 
sistance to the current, r becomes evanescent, and the fraction as- 
sumes the form of f =-4 ; the force of the current under these cii- 
cumstances is proportional to the surface of the plates exposed to 
the action of the liquid. 

Let it be assumed, for example, that ^=1, and that 11=1, 
when a pair of zinc and platinum plates an inch broad and six 
inches long is immersed in diluted acid at the distance of one 
inch asunder ; so that under these circumstances, ^=3 =1. If a 
pair of plates six inches broad and six inches long, also at a dis- 
tance of one inch apart, be immersed in the same acid, since the 
resistance is inversely as the surface of the plates immersed, the 

fraction becomes ~Jl or X— 6 ; o'' ^^^^ power is increased sixfold, 

as compared with the former. If the plates be each cut into six 
similar strips, and be tlien arranged in pairs, as represented in 
fig. 216, the same fraction still represents the result, since the 
relative size and distance of the plates remain unchanged ; but if 
the plates be arranged in succession, so as to produce a compound 
circuit, as in fig. 217, the fraction becomes js=l =1 ; the electro- 
motive force is increased sixfold, but the resistance is increased 
also in exactly the same proportion. The force which under 
these circumstances circulates through the connecting wire is not 
greater than if a single cell only, containing a pair of plates one 
inch broad and six inches long, were employed. 

But suppose now that several mi\m of wire, such as are em- 
ployed in telegraphic communication, be introduced into the two 
combinations severally represented in fige. 21 6 and 217 ; r now ac- 
quires importance ;— let the resistance be twentyfold greater than 
fliat of the liquid in each cell. In the first case (with the simple 
circuit), the fraction becomes fl:^';=r;^=0-049; in the second 

(the compound circuit), the fraction is o+'i^^e^o^*''^^ * ^^ 
'■Aat although in both cases the resistance introduced most mate- 
rially diminishes the amount of force which enters into circula- 
tion, the power in the compound circuit is now five times as great 
as that which emanates under these circumstances from the sim- 
ple circuit. Indeed, in all cases where great resistances external 
to the battery have to be overcome, a compound battery has a 
great advantage over the simple circuit.* 

• Let B = the number of pkteH in a compound circuit. 
„ i' = the electro-motive force. 
„ Z> = the distance between the plates. 
„ S — the area of the plaies. 
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(271) Chemical Decomposition. — It is important to remember 
that the force wliieh circulates through each cell in a compound 
circuit is not increased hy the arrangement, if the connexion be- 
tween its extremitiea he made by means of a good conductor ; if, 
for example, 50 similar and equal ecUs be connected in succes- 
sion, and be united by a stout short wire, the quantity of zirfc 
which would be dissolved in a given time in each of these cells 
would not be greater than that which would be consumed in a 
single cell of the same size in the same time, if the plates which 
compose it were connected by a short thick wire. 

The power of a compound circuit is shown in a striking man- 
ner, when some liquid such as dilated sulphuric acid is interposed 
in the course of the conducting wire. The experiments which 
elucidate this point may be instructively performed by means of 
the dissected battery. If a pair of platinum plates, a, i, fig. 218, 




be immersed in the acid con ducting-liquid at b, and connected 
with the wires proceeding from the compound circuit in the 
manner represented in the figure, the liquid will be decomposed, 
oxygen will he given off from one plate, a, and will rise in tho 
tube o ; whilst hydrogen will be given off from the other plate, 
b, and may be collected in the tube, h : but if the same cells be 
arranged as a simple circuit, fig. 216, no such effect ia produced. 
By the introduction of the liquid conductor at e, the resistance 
is very greatly increased, such a resistance being more consider- 
able than that of many miles of wire. But this is not all : be- 
sides this resistance, a new counteracting electro-motive force 
shows itself, which gives rise to a current operating in a direction 
the reverse of that in the battery. This force is due to the oxy- 
gen and liydrogen which are separated upon the platinum plates, 

Let I = the length of the conducting wire. 
„ s = the area of a section of the wire. 
The fracdon which represenls tho action of a compound battery when its estremitiea 
are connected by means of a raetallie wire of uniform diameter is the following; 

nV I =A. la this eipres^on - ia subaiituted for S, (the resistance in each cell of 
the battery) to which it is equivalent ; since Jt is directly as the distance between the 
plates, and inversely as their area, or surface, while - represents r. 
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and which, as has been explained ivhen speaking of the gaa 
battery (264), is veir considerable. Experiment shows that it is 
between two and three times as powerful as the electro-motive 
force of a pair of zinc and platinum plates excited by diluted sul- 
phuric acid. When, therefore, the endeavour is made to decom- 
pose the diluted acid by a single pair of zinc and platinum plates, 
liowevcr large a surface they may present to tlie action of the 
exciting liquid, no visible action in the cell b ensues ; a momen- 
tary decomposition, too small in amount to be perceived by the 
eye, produces a development of oxygen and hydrogen upon the 
two platinum plates, a, h, sufficient to oppose an eftectual barrier 
to the transmission of the current. Even when two pairs of zinc 
and platinum plates are used, the energy of the currentis insuf- 
ficient to effect any visible decomposition : with three pairs, a few 
bubbles of gas show themselves ; and witli a more numerous 
series, the eftects increase rapidly ; till at len^ a point is gained, 
beyond which no advantage is obtained by mcreasing the num- 
ber of cells in the battery. 

It is particularly worthy of remark that in every vertical sec- 
tion of any voltaic circuit at a given instant, the quantity of force 
which traverses it is uniform : consequently, the same quantity 
of hydrogen makes its appearance upon the plate 5 of the cell p, 
which contains the Hquid for decomposition, as is disengaged and 
collected during the same interval from each piate in the oattery 
itself. If each zinc plate of the battery be weighed before the 
experiment is begun and after it is concluded, it will be found 
that each plate has IcBt weight to an equal extent. The interpo- 
sition of the liquid at b, may occasion a great reduction in the 
amount of power which is thrown into circulation ; but at everjr 
transverse section of the battery, the power that does circulate is 
uniform in quantity ; and the measurement of the chemical ac- 
tion, whether it be estimated by the quantity of easwhich is 
evolved at any one point, or by the quantity of zinewhich is dis- 
solved, may be employed as a sure indication of the quantity of 
power in circulation : in other words, retardation of the current 
by the liquid conductor is necessarily attended with an equal 
retardation in the conducting wire, and in each cell of the bat- 
tery itself. 

(272) The Ydtameter.— The foregoing important law was 
discovered by Faraday, As one of its consequences he was 
enabled to employ a decomposing cell, such as is shown at b, fig. 
218, as a measure of the voltaic power of any circuit : such an 
instrument is called a Vdtameier. For each 33.7 grains of zinc 
dissolved in any one cell of the battery, 9 ^ains of water are 
decomposed in the voltameter, and 46-6 cubic inches of hydro- 
gen or 1 grain, and 23-3 cubic inches of oxygen or 8 grains, at 
60° F, and 30 inches Bar., are evolved upon its plates ; at the 
same time 46-6 cubic inches of hydrogen are evolved from every 
platinum plate in the cells of the battery. A more convenient 
form of voltameter is shown in fig, 219. It consists of an upright 
glass cell, to the neck of which a bent tube, c, for the conveyance 
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of the disengaged gases, is fitted by grinding ; the vessel is iilled 
■witli diluted sulphuric acid ; «, b, are the two platinum plates, 
each of which is con- 

nectedhyawirewhich ^"^- ^^^■ 

passes through the 
toot of the instrument, 
to a mercury cup, by 
means of which com- 
munication can be 
made with the wires 
which convey the cur- 
rent from the battery ; 
oxygen and hydrogen 
are liberated by the 
action of the current 
upon the acidulated 

water, both gases then rise to the eurlace of the liquid, and are 
conveyed by the bent tube c, to the graduated jar, d, wliich 
stands in a small pneumatic trough. 

It is to be observed that the action of a simple zinc and pla- 
tinum battery is not steady ; it gradually declines, and before the 
acid has become saturated with zinc, the current almost ceases. 
On breaking the contact of the conducting wire with the two 
ends of the battery, and allowing it to remam disconnected for a 
few minutes, the action is partially restored; but it again gra- 
dually declines after the circuit has been completed. These 
effects were traced by Daniell to the action of the current upon 
the sulphate of zinc, which is formed in each cell of the battery 
during the operation ; the zinc salt is decomposed in tlie manner 
shown in the subjoined diagram, in which ZnSO^ represents the 
sulphate of zinc, and I^t and Zn the platinum and zinc plates of 
the cell. The brackets placed above the symbols indicate the 
arrangement of the particles before the current passes ; those 
below show the change produced by the voltaic action : — 

Pi £i^0„ £^0, Zn. 

In this manner metallic zinc becomes reduced or deposited 
upon each platinum plate, and the power of the battery is aiTcsted 
when the two surfaces which are opposed become virtually zinc 
and zinc instead of platinum and zinc. This evil may be obviated 
by interposing a porous diaphragm between the two plates, as in 
the batteries of Daniell and of Grrove (365, 266) ; in these cases 
a suiBcient communication between the zinc and the copper or 
the platinum plates, is still kept up by means of liquid tiirough 
the pores of the diaphragm, but the sulphate of zinc is prevented 
from mixing with the liquid which is in contact witli the copper 
or the platinum. 

(273) Furth&r AmiCication of OJiTn's Theory. — AH the pheno-- 
mena of compound circuits admit of ready calculation by the 
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application of Ohm's principle ; for instance, if ii represents the 
number of plates, the expression for any compound serii^, the 
cells of wliien are similar in nature and equal in size, becomes 
J!l?—z=A; since in each cell not only is a new electro-motive 
force introduced, but at the same time a new resistance. Provided 
that the exterior resistance is such as would be offered^ by a me- 
tallic wire which may even be many miles in len^, it is possible 
exactly to double tlie amount of tbrce in circulation by doubling 
the number of cells, if at the same time the size of the plates be 
doubled; for a^^ = ^^ ^^ . But if, when the number of cells 

is doubled and the surface of the plates also is doubled, a volta- 
meter be employed to measure the power in circulation, instead 
of inti'oducing a wire as the exterior resistance, the force measured 
by the voltameter is not found to be doubled, as might naturally 
have been expected : this difference arises from the counter current 
which is produced in the voltameter itself, by the accumula- 
tion of the oxygen and hydrogen upon its plates. Call this 
counter current e, and the formula becomes ^^^°. 

The values both of e,,(the counter current offered by the volta- 
meter,) and r, which, if 'short thick conducting wires be used, is 
virtually the resistance of the voltameter itself, may be very 
simply estimated in the way proposed by Wheatstone. This 
method consists in comparing two experiments in -which, the 
resistance remaining the same, the electro-motive forces alone 
vary. Upon the supposition that the voltameter merely offers 
an increased resistance without introducing any counteracting 
electro-motive force, five single cells should produce a result 
equal to half that obtained by the use of ten cells of double size ; 
but by experiment, the effects as measured by the voltameter are 
as 6 : 20. Comparing these effeete with the arrangements which 
produce them, we obtain the following proportion, from which, 
by equating, the value of e is deduced in terms of £":— 

"1^1^:-^— :: 20 : 6; therefore e=2-85T ^. 
The resistance r of the voltameter may be calculated with equal 
ease ■ for taking two similar batteries, each composed of ten cells, 
but in one of which the plates are exactly double the size of those 
in the other, the electro-motive forces -will continue the same 
while the resistances alone will vary. Under these circumstances 
the experimental results, furnished by the voltameter m equal 
times, were as 12-5 : 30 ; and -JM^^, : W^ : : 12-5 : 20 ; there- 
fore 7-=3-333 B. By substituting, in the formula, the values for 
e xaA-T thus obtained by experiment, the results for any given 
number' of cells may be calculated ; and on comparing the valura 
obtained by such a calculation with the numbers furnished by 
actual experiment, Dauiell {PhU. Tram. 1843, p. 146) obtained 
the following results : — 
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Any altoration in the size of the plates of the voltameter neces- 
sarily alters the amount of resistance which it offers to the cur- 
rent,' and the influence of this change in the Toltameter is most 
perceptible when a battery consisting of a few plates which ex- 
pose a large surface is employed. 

The preceding considerations will render it evident that no 
general answer can be given to the question, ' What number of 
cells should a battery contain in order that it may produce the 
greatest effect ? ' The electro-motive force, _£', varies in amount 
with the kind of battery which is used ; the values for li and ?• 
will also vary with the varying circumstances of the experiment. 
It is found that every different arrangement requires the employ- 
ment of a distinct number of cells in order to obtain from it the 
maximum effect with the least expenditure of zinc. This number 
will vary even with the same form of battery, according to the 
size of tiie battery plates, the length of wire in the circuit, and the 
nature of the liquid conductor in the decomposing eel!. It may 
be stated, however, as a general principle, that the most advan- 
tageous eSect is obtained when the value of A, in the formula 
^-^^=j4, most nearly approaches 0-5, ^and H ea^h being =1 : 
in other words, the advant^e is greatest when the exterior resis- 
tances, viz., those of the conducting wire and voltameter together 
— are equal to the sum of the resistances due to the battery itself; 
it may Oierefore he concluded that when the exterior resistance 
is tricing, as usually occurs when the circuit is metallic and not 
of very great length, little or nothing is gained by employing a 
large number of cells ; two or three plates of large surface being 
the best under such circumstaneea ; but that where a considerable 
chemical resistance is to be overcome, power is gained by em- 
ploying a series numerous in proportion to the resistance so intro- 
duced. In no case, however, is it possible by the nse of a aeries 
of plates of uniform dimensions, even if of unlimited number, to 
produce in any transverse section, such as an included voltame- 
ter, a chemical action greater in amount than that which would 
occur in a single cell of the arrangement in which the circuit was 
completed by a stout metalh'e wire. 

(374) W%eaistons''a Eheoatat and Jiesist<mce CoUs. — Guided 
by the principles which have just been explained, Wheatstone 
contrived an apparatus termed the Mheaatat, by which measured 
amounts of resistance may be introduced into the voltaic circuit : 
if the effect whicli sucli added resistance has upon the amount of 
the current in circulation be measured, the different values of -fi",' 
R, and *■ in different arrangements, may be deduced by a simple 
calculation. The rheostat is represented in fig, 220 ; j? is a cylin- 
der of well baked wood, li inch in diameter and 6 inches in 
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length ; it turns easily upon a horizontal axis ; on this cylinder a 
spiral groove is cut, the thread of which contains 40 tarns to the 




inch. This groove runs from one end of the cylinder to the 
other, and in it is coiled a brass wire yj^ inch in diameter ; h is 
a hraes cylinder, placed parallel to g, and equal to it in diameter ; 
the thin wire upon g is connected at the end i with a brass ring, 
and at the other extremity is attached to the cylinder, A ; at « is 
a metallic spring, one end of which is connects with a binding- 
screw, and the other end of which rests against the brass ring, 
and effects the communication with one wire of the battery : m 
is a moveable key, by which the wire ean be wound upon the 
brass cylinder, or by transferring the key to the axis of g^ it ean 
be unwound from A, and returned to the wooden cylinder, g. In 
consequence of the non-conducting quality of dry wood, the coils 
of wire on the wooden cylinders are insulated from each other, 
so that the current traverses the whole lengtli of the wire coiled 
upon this cylinder, but the coils not being insulated from each 
other on the brass cylinder, the current immediately passes from 
the point of contact to the brass spring at h, which is in commu- 
nication with the other wire from the battery. A scale is placed 
between the two cylinders for the convenience of counting the 
nuniber of coils unwound, and the fractions of a turn are read off 
upon a graduated circle, which is traversed by an index attached, 
as is shown in the figure, to the axis of the cylinder g. 

Wheatstone took as his standard of resistance, the resistance 
produced by a copper wire 1 toot of which weighs exactly 100* 
grains* It is sometimes necessary to he able to introduce an 
amount of resistance into a circuit much greater than ean be 
effected by means of the rheostat. For this purpose the jBesist- 
ance Ooils, shown at D, fig. 220, are employed. These coils are 

* The ([nestion of a Btandard of vesistance is now engaging the attention of practieal 
electricians ; the conducting power of copper varies bo greu.tlj, owing lo the pcesence 
of Blight impurities, that it is unfitted for the purpose (276). 
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composed of fine copper wire, ^J^ of an inch in diameter, care- 
fully insulated by covering them with silk ; two of the coila are 
50 feet in length, the others 100, 200, 400, and 800 feet long. 
The ends of each coil are attached to short thiclt wires, fixed to 
Jho upper faces of the cylinders, which Bcrve to combine all the 
coils into one continiied length of 1600 feet of wire. Two wires 
proceed from the extremities of the coils, by which they are 
united to the circuit. On the upper face of each cylinder is a 
double brass spring, moveable round a centre, so tliat its ends 
can be made to rest upon the thick brass wires, or can be removed 
from tliem at pleasure. When the spring rests upon the wires, 
the current passes through tlie spring instead of through the coil ; 
but when the spring rests upon the wood, the current must pass 
through .the coil. In the figure, all the springs are shown as 
j-estjng upon the wires ; in this case none of the coils are included 
in the circuit," but by turning the spring of any particular coil, 
50, 100, 200, or 400 yards ot wire can, in a moment, be intro- 
duced into the circuit. 

The following is Wheatstone's description of liis method of 
ascertaining the sum of the electro-motive forces in any voltaic 
circuit or circuits : — 

' In two circuits producing equal electro-motive (or voltaic) 
efiectfi, the sum of the electro-motive forces divided by the sum ot 
the resistances is a constant quantity ; i. e., ^=^ : if E and S 
be proportionately increased or diminished, A will obviously remain 
unchanged. Knowing, therefore, the proportion of resistances in 
two circuits producing the same efi'ect, we are able immediately 
to infer that of the electro-motive forces. But, as it is difficult in 
many cases to determine the total resistance, consisting of the 
partial resistances of the rheomotor [or voltaic combination] itself, 
the galvanometer, the rheostat, &c.) I have recourse to the fol- 
lowing simple process : — Increasing .the resistance of the first 
circuit by a known quantity, r, the expression becomes -^ — , In 
order that the effect in the second circuit shall be rendered equal 
to this, it is evident that the n:i<!ed resistance must be multiplied 
by the same factor as that Ly which the electro-motive forces and 
the original resistances are multiplied ; for -^^=: ^^_^^^ . The 
relations of the length of the added resistances r, and n r, which 
are known immediately, give therefore those of the electro-motive 
forees-'—tPA^;. Trans., 1843, p. 313.) 

Suppose, for example, it be desired to compare tlie electro- 
motive force obtained n'oni a single pair of zinc and copper plates 
in one of Daniell's cells, with tliat of two pairs of the same com- 
bination, the following will be the mode of conducting the experi- 
ment : — Interpose the rheostat (iig. 220) and the galvanometer, b, 
in the circuit obtained from the single cell, c ; then, by coiling 
or uncoiling the wire of the rheostat, bring the needle exactly to 
45°. Next uncoil the wire of the rheostat, and count the number 
of turns required to bring the needle to 40°. Suppose 35 turns 
are required : this number of turns may be taken to represent 
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the electro-motive force of tlie combination. Now introduce t!ie 
two cells, arranged as a compound circuit, instead of the single 
cell at c. Bring the needle as before to 45°, interposing one or 
more of the resistance coils at i), if needed, by turning the spring 
upon the wood of the reels, and complete the adjustment by 
coiling or uncoiling the wire of the rheostat. Again uncoii the 
wire of the rheostat until the galvanometer needle stands at 40°. 
Seventy turns, or twice the number previously required to pro- 
duce this eifect, will now be needed. The dectro-motive forces 
in the two cases are tlierefore as 35 to 70, or as 1 : 2. If instead 
of arranging, the two cells as a compound circuit the zinc plate 
be connected with the other zinc plate and the copper with the 
copper, so as to form a single circuit, it would have required the 
interposition of a greater resistance to reduce the needle to 45° 
to start with than when one cell only was used ; bat only 35 
turns of the rheostat would be needed to bring the needle down 
to 40°, This last experiment shows that the electro-motive force 
is not altered by increasing or diminishing the size of the plat^. 
The electro-motive power of any combination may by means 
of this arrangement be compared with any one selected as a stan- 
dard : it was in this way that the results on the comparison of 
the electro-motive effects of platinum, zinc, and potassium (260) 
were obtained. 

Proaess&^ of Yoltaic Discharge. 

(375) Having now reviewed the principal circumstances which 
influence or exalt the activity of the voltaic battery, we may pro- 
ceed to examine the phenomena which are manifested when a 
powerful combination is brought into action by connecting its 
opposite extremities. Voltaic action is exhibited only during the 
process of discharge, for the current is a continuous succession of 
discharges of the electricity developed and maintained by the 
contact and chemical action of the materials employed in the 
construction of the battery. The discharge of the voltaic battery 
may, Hke that of the ordinary machine, be considered under three 
heads — viz., the dischai-ge by conduction, as when the circuit is 
completed by a wire or other good solid conductor ; the discharge 
by disruption, in which case a luminous appearance is exhibited 
through a short interval of non-conducting matter ; and the dis- 
cliarge by convection, which takes place in liquids, and is accom- 
panied by chemical action and transference of the particles of the 
conductor, 

(276) Conduction.— In all cases where electi-ieity is in motion, 
whether it be excited by chemical action, as in the voltaic pile, 
or by friction, as in the common electrical machine, the force is 
conveyed by the entire thicltness of the conductor ; the chaise is 
not confined to t3ie surface, as occurs when the power is station- 
ary and produces effects by induction only. In the case of the 
voltaic current as well as in the momentary discharge of the Ley- 
den battery, by far the greater portion of the induction occufb 
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between one transverae eeetion of the conductor and the adjacent 
sections immediately before and behind it ; and bnt a small pro- 
portion of the induction, suificient however to be distinctly iiiani- 
feet, is diverted to snrrounding objects. By reducing the thick- 
ness or diameter of the conducting material, a large quantity of 
the force is compelled to traverse a given number of conducting 
particles in the same time, and a great elevation of temperature 
is thus produced. The heat may rise snfKciently high to cause 
ignition of the wire, and this ignition may be produced at any 
point of the circuit, so as to produce the explosion of a charge of 
gunpowder sunt in the depths of the ocean, or buried within the 
recesses of a mine ; the operations of blasting may thus be made 
to assume a degree of certainty and of safety hitherto unattained 
by other means, since the moment at which the discharge shall 
take place is ahsolutely under control. 

Elevation of temi)criiture diminishes the conducting power of 
the metals : a good experimental proof of this fact is afforded by 
transmitting tbroiigli a platinum wire, a voltaic current of sufii- 
cient power to raise the wire to a dull red heat ; and whilst the 
cun-ent is still passing, igniting a loop of the wire in the flame of 
a spirit-lamp ; the temperature of the other part immediately 
falls, owing to the diminished amount of electricity which tra- 
verses it, in consequence of the increased resistance offered to the 
fassage of the current by the strongly ignited part of the wire, 
f a loop of the wire be cooled by immersion in water, the oppo- 
site effect is produced ; for in this ease the reduction of tempera^ 
turo at one point enables a larger quantity of electricity to pass 
through the wire, which may thus be raised to a heat approach- 
ing its point of fusion. The power of a voltaic combination may 
be roughly estimated by the number of inches of platinum wire 
of uniform diameter, which it will heat to redness : tbe same 
quantity of electricity is ti-ansmitted in equal intervals of time 
through wire of the same temperature, whether it be an inch only 
or several feet in length ; bnt the increased length wliich the 
stronger current will ignite measnres the increase in tension and 
intensity of the electric discharge. 

The conducting power of tne different metals for electricity 
varies nearly in the same order as their power of conducting 
heat ; but it is remarkable tliat charcoal, though so bad a con- 
ductor of heat, transmits electricity with great facility. The 
measurement of the conducting power of solids and of liquids for 
electricity has occupied the attention of many distinguished philo- 
sophers. An ingenious method was proposed many years ago by 
Becqnerel, who constructed a differential gaZvwnometer, in which 
the needles were surrounded by two insulated copper wires of 
equal length and diameter ; they were coiled in the usual way, 
and formed two independent circuits, so that tlie galvanometer 
had four terminations instead of two. When two perfectly equal 
currents were transmitted, one through each wire in opposite di- 
rections, they exactly neutralized eacli other in their effect upon 
the needle, which therefore remained stationary ; but if either 
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current preponderated, a corresponding deviation of the needle 
was occasioned. To uee the instrument, a small voltaic conibina^ 
tion was connected with the galvanometer, two wirea passing 
from each pole, so as to divide the current into two exactly equal 
portions, one being transmitted through one of the coils, the other 
through the second coil in the opposite direction. Wires of the 
different metals were then introdnced into the two eircuits. If 
into either circuit a conductor of inferior power were introdnced, 
the current in that circuit was proportionately diminished, and 
the needle was disturbed ; but the eqnilibrium could be restored 
by increasing the length of the wire in the other circuit ; then by 
comparing the lengths of the two wires thus introdnced, their 
relative conducting power could be inferred. By means of this 
instrument, conjoined with the use of Wheatstone's rheostat, Ed. 
Becquerel was enabled to measure t!ie conducting power of a 
number of wires of different metals, with precision {Ann. de 
Chimie, III. xvii. 266). The relative conducting powers of the 
wires were obtained by ascertaining the lengths of the rheostat 
wire, which was required to restore the equilibrium, when wires 
of different metals were employed. In fig. 231 is exhibited the 




arrangement adopted in these experiments, g is the differential 
galvanometer with its four wires, 1 and 3 being the terminations 
of one coii, 2 and 4 those of the other coil ; h, a voltaic pair ; E, 
the rheostat ; and w, the raetalhc wire, the resistance of which is 
to be measured. This wire is stretched and insulated between 
two binding clamps, a and b ; s s, is a copper scale with linear 
subdivisions for measunng the length of the wire which is included 
in the circuit ; d is a sHdmg clamp of copper, which can be made 
to move in either direction along the scale s, and can be con- 
nected with w, at any desired point, by the elamp at d. SupMse 
the resistance of a certain length of w is to be measured. The 
current from h is divided into two portions so as to send each in 
opposite directions through the galvanometer. One half of the bat- 
tery current is made to pass ^ong the wire///, up the clamp 
D, aiid through part of the wire, w ; the other half is transmitted 
through the rheostat, in the direction shown by the arrows^. By 
coiling or uncoiling the wire of the rheostat, the two eircuits are 
rendered exactly equal, so that the needle of the galvanometer 
shall stand at 0"^. Kow, if d be undamped, and it ne caused to 
slide through a definite distance, say twelve inches towards b, the 
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equilibrium of the galvanometer will te destroyed ; since the 
resistance in w is increased, whilst that in the rheostat remains 
unaltered ; but by uncoiling the wire of the rheostat, additional 
resistance can be introduced into the circuit of which it forms a 
part ; the equilibrium, may thus be again restored, and the resist- 
ance of twelve inches of w will be given by counting the number 
of coils of the rheostat required. The comparative resistance of 
any number of different wires introduced at w may thus be 
readily ascertained. 

The following table exhibits the conducting power of wires 
of equal length and diameter of various metals as determined by 
this process. The mercury was placed in a glass tube of imifonn 
diameter. 



Electric Conductivity of Metals. {E. Becqrierd.) 



""— ■ 


Atsa-F, 


At!12-F. 


At 212' r. 


belni! mo it 
32'. 


^"""m"' 


^TL'i^' 


Sllv^rjtSlS 




100 
91'S17 
64-960 
24'579 
24-083 
14-014 
12-360 
8-377 
7933 


71-316 
64-919 
48-489 
»-50fl 
17-596 
8-6fi7 
8-387 
ti-761 
6-988 
l-o75 


67-992 
24-547 
24-673 
12-139 
11-760 
e-078 
9-378 
2-208 


28-7 
29-1 

28-8 
26-9 

32-2 
30-7 
15-7 
9-4 























These metals were carefully purified and well annealed. It 
was found that annealed metals conducted better than those 
which had not undergone this process. The effect even of a 
moderate elevation of temperature in reducing the conducting 
power is very considerable, as will be evident by comparing the 
second column of figures in the table with the first. 

Hatthiessen {PhU. Tram., 1858, p. 383, 1862, p. 1; and 
Proceed. Roy. Soc. xii. 473} gives the following as the conducting 
powers of wires of different metals of equal diameter. He consid- 
ers the metals in the first table to have been chemically pure. 
The wires of the oxidizable metals were obtained by forcing them 
through an opening in a steel plate, by strong pressure, the wire 
as it was formed being received into a vessel filled -with naphtha. 
The conducting power was determined by the process described 
by Matthiessen in the PhUosophioal Magazme for February, 
1857. It is a modification of one of the methods devised by 
Wheatstone, in which an ordinary galvanometer is employed 
{Phil. Trans. 1843, p. 323). 
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. {Matthieasm). 




Metal (pure). 


C^d. 


twitj. 


ConfluetWtjata- 


2-, 






Silver at 


FstlimeM 






a " 


33 100. 


212- = 100. 


withifdf 
















Silver (hard drawn) 


lOO'OO 


71-6G 


lOO'OO 


71 -86 




Copper (hard drawn) 




70-27 


98'20 


70 '31 




Gold {hard-dra,wn) 






7e'll 


71-70 






28-02 


20-67 




71-23 


28-77 




28-72 


16-77 


2S'14 


70-70 




Cobalt 


lJ-22 










Iron (hard-drawn) 


lH-81 










IS'll 










Tin 


12-36 


8'67 


12-12 


70-11 


29-89 


Thalhum 


G-16 








31-42 




8-33 


n-86 


8-18 


70-39 


a9'61 




4-70 


8-33 


4-65 


6B-88 


30'12 




4-62 


s-2a 




70-64 


28-46 


BiBmtith 


1-24S 


0-878 


1-327 


70-61 


29-49 



Matttiesien and Yon Bose conclude from these experiments 
that the law of deciease of electric conductivity is tho same for 
all nictala, and it will be at once apparent that the relative con- 
ducting powers of tho metals continue to be the same with trifling 
variation, whether they be compared at 32" or at 312°, as will be 
evident by comparing the first and third columns of figures with 
each other. The numbers given for iron, cobalt, and nickel are 
calculated irom experiments upon specimens of these metals, 
known to he slighUy impure. In the table which follows, the. 
metals were commercially pure, but the conductivity, when not 
absolutely accurate, is probably below the tnith, as the addition 
of a second metal always diminish^ tlie conductivity. 
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Conauctins 


V 


M...L 


ConductlDg 


T™P- 




10000 
77-48 
37-43 
33-76 
20-47 
22'14 
20'8B 
Ifl'OO 


32-0 
6B-8 

71-0 

67-2 
63-6 

68-7 
68'0 




14-44 
12-64 
10-68 

6-71 

1-63 

■00077 
■00000123 


68-7 
68-0 

68'9 
78 
67-3 
76^3 
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Matthiessen finds that scrupulous attention to the purity of 
the metal is essential. The presence of 2'5 per cent, of phoa- 
phorua in copper reduced the conducting power of a specimen 
of -the pure metal from 100 to 7-52. A mere trace of ai-senic in 
■the copper reduced it from 100 to 60, and the presence of a little 
sub-oside in the metal had a very marked effect in reducing the 
■conducting power. Indeed, there are few metals more easily 
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1 conducting power by slight traces of impurity than 
copper, so that very great difEerences in conducting power are 
observed in wires drawn from different sample of what would be 
regarded as good commercial copper. 

The condneting power of an alloy is generally below that of 
the mean of its component metals. This is seen in the alloy of 
antimony and tin ; but the alloys of tin and lead, tin and zinc, 
zinc and cadmium give a conductivity almost exactly the mean 
of that of the component metals, allowing for the proportion of 
each that is present. A similar fact was observed by Calvert 
and Johnson (149) in tlie conducting power for heat of some of 
these very alloys. 



-, 


Silver = m 


...... 




Obicryed 
CundnctiYity. 


ZnCW 
ZaSn 
Sn,Pb 
SnPb 
SoPb. 
2 AntimoiiT, 1 pact Tin 


24-04 
lt-13 
10-31 
9-09 

11 89 


2M8 
17-43 
10-BB 
0-20 
8-26 
0-41S 


69-4 
71-8 
71-6 
70-5 
72-7 
77-0 



Lenz found that all the metals continued to decrease in con- 
ductivity a'* tlie temperature lu^ie to 400", and Dr. Kobinson 
proved that this diminution continued as they were raised pro- 
gressively to a red and even to a white heat. 

The non metallic bodies ippear to increase in conductivity as 
the temperature uses, for Matthie8=en found that tho conducting 
power of graphite and of coke was increased by heating them, the 
electric conductivity of gas coke rising about 12 per cent, between 
the ordinary atmospheric temperature and a ' light ' red heat. 
Hittorf obtained an analogous result with selenium. Comparing 
the conducting power at ordinary temperatures of different forms 
of carbon with that of silver at 32° as 100°, Matthiessen obtained 
the following values : — 

F. 
Pure Ceylon graphite .... 0-0693 at 71 °6 

Gas coke 0-0386 at 77° 

Bunsen'e battery coke 0-0246 at 79-2 

(277) If equal amounts of electricity, whether obtained from 
tlie voltaic battery or from the electrical machine, be made to 
traverse wires of different metals of equal length and diameter in 
the same interval of time, the rise of temperature in the wire is 
inversely proportioned to its conducting power, and therefore the 
better the conductor the less heat do^ it emit. The general 
truth of the fact may in the case of voltaic electricity be rudely 
but strikingly demonstrated by taking a wire of silver and one 
of platinum, each of exactly the same diameter, and forming 
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tliem into a compound wire consisting of alternate links of the 
two metals. A current of electricity may be transmitted through 
this compound wire, of such a strength as to heat the platinum 
to visible redneos, whilst the silver Jinks wHl exhibit no such in- 
tense Lcat, though each link of the wire, from the form of the ex- 
periment, must transmit equal quantities of the force in equal 
times It has been ascertained tliat the heat developed' at any 
part ot the circuit is proportional to the square of the force of the 
current multiplied into the resistance at that particular point. 
For the same wire the rise of temperature is proportioned to the 
square of the quantity of electricity, and this is true also for 
liquid conductors- 
Andrews {Proceed. Eoy. Irish Acad., June, 1840), found that 
when a fine platinum wire was traversed by a current from one 
of Daniell's constant batteries, the ignition of the wire varied in 
intensity by varying tlie gaa with which he surrounded the wire. 
This wire was enclosed in a glass tube, which could he filled at 
pleasure with the different gases in succession. It was found that 
gaseous sulphurous anhydnde and hydrochloric acid had a smaller 
cooling power than atmospheric air. Nitrogen, carbonic oxide, 
cyanogen, carbonic acid, nitric oxide, nitrous oxide, oxygen, and 
aqueous vapour, had nearly the same eftect bs, atmospheric air. 
Olefiant gas, ammonia, the vapour of alcohol and of ether had a 
gi-eater cooling power ; and hydrogen, - a far greater cooling 
power than any of the others. The same subject has also been 
investigated by Grove, {Phil. Trans., 1849.) 

The following experiment illustrates the cooling effect of hy- 
drogen very clearly. Take three pieces of stout copper wire, 
bend them into the form shown at w w w, fig. 222, and attach them 
to a weighted board, by which the 
lower part of the bends can be 
sunk beneath the surface of water 
contained in a shallow vessel. 
At a and 6, where the wires pi'o- 
ject above the surface of the 
water, complete the connexion 
by means of spirals of fine plati- 
num wire, botli spirals being 
equal in length, and each cut 
from the same wire. Each spiral will thus oppose an equal 
resistance to the passage of the current. When a voltaic current 
of a certain intensity is transmitted through the wire, w w w, each 
spiral, consequently, becomes heated to the same degree of visi- 
ble ignition. But if two similar jars, one a, filled-with air, the 
other, H, filled with hydrogen, be inverted over them, the wire in 
the jar h immediately ceases to be luminous, while that in a be- 
comes more intensely ignited. This superior cooling action of 
the hydrogen is no doubt mainly due to the superior mobility of 
the particles of the gas over those of air, (152, 160.) 

The experiment was varied by enclosing the wires a and S in 
separate glass tubes, and sealing them up, one in an atmosphere 
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of air, the other in an atmospberc of hydrogen. Eoth were then 
included in the same circuit, so tiiat tliey Bhonld transmit equal 
amounts of electricity. Before transmitting the current, how- 
ever, each tube was immersed in a separate vessel which con- 
tained a weighed quantity of water, the temperature of which was 
accurately observed. After the current had been allowed to pass 
for a certain time, the temperature of the water which surround- 
ed each wire was again observed, and it was found that the water 
which was around the tubo which contained air was considerably 
hotter than that wliich surrounded the tube filled with hydrogen. 
This result, paradoxical as it appears, and as it seems to have 
been regarded by Grove, must necessarily follow from tlie opera- 
ation 01 two principles which have already been explained ; the 
first of these is, that the resistance offered by a metal -to the pas- 
sage of electricity is diminished by reducing the temperature ; and 
the second is, that the heat evolved by a current in passing 
through a conductor is inversely as the resistance which it ex- 

Eeriences. Now, in this experiment, the primary effect of the 
ydrogen is the cooling of me conducting wire ; and the conse- 
quence is that this cooled wire, in transmitting tlie same current 
as a similar wire in air, offers Jess resistance, and less heat is 
therefore evolved by the wire smTOunded by the hydrogen than 
by the wire which is surrounded by air. 

(278) Elecirio (JonduGtivity of Liguids. — Liquids are very 
inferior to solids in conducting power ; indeed, the difference 
between the two classes of bodies is so extreme that it is difficult 
to institute an accurate comparison between them. The attempt, 
however, has been made by Fouillet : assuming as the unit of 
comparison the conducting power of a solution of sulphate of 
copper saturated at 59°, he gives the following as the relative 
conducting power of the undermentioned solutions : — 

Saturated solution of sulphate of copper . . . 1 

Ditto, diluted with an equal bulk of water . . 0-64 

Ditto, diluted with twice its bulb of water . . 0-44 

Ditto, diluted with four times its bulk . . . 0'31 

Distilled water '. 0'0035 

Ditto, with jviv? of nitric acid 0-015 

Platinum wire 2,500,000-00 

The conducting power of a platinum wire, of a diameter and 
length equal to that of the interposed columns of liquid is proba- 
bly estimated too high. 

Since tliese results of PouiUet's were published, the subject of 
the conducting power of liquids has been resumed by E. Becque- 
rel, in the paper already cited. He states that saline solutions 
may be divided into two classes ; in the first, the conducting 
power increases progressively in proportion to the strength of the 
solution, until it becomes saturated ; sulphate of copper and 
chloride of sodium affording instances of this kind : whilst in the 
second class, of which nitrate of copper and sulphate of zinc may 
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be taken as examples, the conducting power increases with the 
degree of concentration up to a certain point, beyond which it 
diminishes as the solution becomes more nearly saturated. The 
salts which exhibit this peculiarity are either dehquescent or ex- 
tremely soluble. Tlie following table contains a few of Becque- 
rel's results. Tlxe saline liquids are to be considered as saturated 
unless otherwis 



Electrio Conductmity of Liquids. 
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Conducting ppwer. 
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X-6008 
. 1-4410 

1-31 
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5.42 
3-47 
3-08 
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13-B8 

8-996 
17-703 

7-13 
5-43 
88-68 
93-77 
7,933,000-00 
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I Solution of Nitrate of Copper 


do. one fourth the strength 




do. one fourth the atrength 
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It is not surprising that differences so considerable should be 
observed between the conducting powers of liquids and those of 
solids ; for the processes of conduction in the two eases are essen- 
tially different. In liquids chemical decomposition and free 
movement of the component particles are indispensable, whilst 
nothing of the kind takes place in solids. The effects of heat are 
even inverted in the two cases ; for experiment shows that as the 
temperature rises, the conducting power of the Kquid increases 
rapidly ; according to Becquercl, the conducting power of many 
Bolutions at 2i2°F. is tliree or four times as great as that of the 
flame solution at 32°. These phenomena, therefore, are the re- 
verse of those presented by most solids. Exceptions, however, 
occur :jiFaraday has shown that sulphide of silver, when cold, is 
ftn insulator, but by warming it gently it begins to conduct, and 
when hot it afibrds a spark IHse a metal ; at a point a little below 
redness it conducts sufHciently to maintain its conducting power 
by the heat of the current which it transmits. Sulphide and 
fluoride of lead, as well as iodide of mercury, also_ exhibit the 
same peculiarity. Glass, when cold, is an excellent insulator of 
the electricity developed by friction, but when heated it conducts, 
and when red hot it possesses scarcely any insulating power ; the 
same thing is also true of the tourmaline. Most of these cases 
have been traced to a partial chemical decomposition of the cora- 
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pound under tlie influence of softening by heat (Beetz, Phil. Mag., 
1854, p. 191). "When liquefied by heat, these compounds all un- 
dergo chemical decomposition, and allow the current to pass 

(279) Electrio Conducting Power of (?as<;s.— Gases are al- 
most perfect insulators of the voltaic current ; although some 
feeble indications of conducting power have been discovered by 
Andrews, as well as by Hankel, by E. Beequerel, and by Buff, 
in a highly rarefied atmosphere, between metallic surfaces strong- 
ly ignited and in close approximation ; and Magnus finds that 
small as is the conducting power of gases, they difi'er in degree 
in this respect, hydrogen surpassing other gases and vapours. . 
Grove liaa further shown, that in flame a current of electricity 
is not only transmitted, hut that there is evidence of its produc- 
tion within the ilame, and he attributes its origin to chemical 
action. Becqnerel regards it as a thermo-electric phenomenon 
{Ann. ds CUmie, 111. lii. 411). Becquerel's experiments, how- 
ever, are not conclusive ; and the feebleness of thermo-electric 
currents, coupled with the slight conductivity of Same, render 
such a view inadmissible. If two platinum wires be connected 
with the extremities of a galvanometer, the free ends of the plati- 
num being twisted into k small coil, and one of the platinum 
wires be inserted into the root of tlie blowpipe flame, whilst the 
other is introduced iust in front of the apex of the blue cone, a 
current will be indicated, passing from tlie root to the apex of 
the flame. By forming several nets of flame together into a com- 
pound circuit, Grove sueeeeded in decomposing a solution of 
iodide of potassium by means of the currents obtained from flame. 
Under certain eu^junistances, however, which we now proceed to 
notice, highly heated gaseous matter appears to transmit voltaic 
power of high intensity, and the phenomena thus displayed are 
of a most brilliant and remarkable kind, 

(280) Disruptive Discharge — Electric i^Ai.-^When the cur- 
rent is greater than the conductor is able to convey, the wh^ 
melts, and is dispersed in vapour; disruptive discharge,_in fact, 
occurs. From a powerful voltaic battery this disruptive dis- 
charge may be maintained continuously, owing to the enormons 
quantity of electricity in circulation. 

If the air be rarefied between the interrupted conductors, the 
interval through which the discharge can be efl'ected may be con- 
siderably increased. Thus the heat developed by the passage of 
the current between two pieces of charcoal when they are m 
contact, will enable them to be separated for a considerable dis- 
tance without interrupting the passage of the current ; this dis- 
tance ranges from | mcli to 1 inch when a series of seventy of 
Daniell's cells twenty inches in height are employed. Davy, 
with the great battery of the Royal Institution, consisting of 
2000 pairs of plates on "Wollaaton's construction, obtained an arc 
of flame, between charcoal points, four inches in length, and of 
dazzling brilliancy. 

Despretz, by using 600 cells of Bunsen's construction arranged 
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consecutively, succeeded when tlie points were placed in a verti- 
cal line with the negative pole below, in obtaining an are of T'S 
inches in length. With 100 pairs the arc was only one inch long. 
The most intense light, however, is obtained when the points are 
separated but to a small distance, because the resistance then 
being less, a much larger quantity of electricity passes in a given 
time, and the temperature is proportionately higher. Despretz 
found he obtained a much more intense light by employing his 
600 cells in six parallel scries, so as to form 100 cells of six tunes 
the ordinary size, than when they were connected into one con- 
tinuous sencs. Ho estimated the light with the arrangement of 
600 in six parallel series to be nearly six times as great as when 
100 cells only were employed, — a result in conformity with the 
anticipations of theory, "the same observer found that when the 
charcoal points were disposed in a horizontal direction at right 
angles to the magnetic meridian, the length of the arc when 200 
pau^ of Bunsen in two parallel series were employed, was greater 
m the proportion of 20-8 to 16-5, when the positive pole was to 
the east, than when it was to the west. 

During the production of this dazzling light a considerable 
mechanical transport of the materials composing the terminals of 
the pile takes place, and there can be no doubt that the ignition 
of the solid pari:!elcs contributes mainly to the production of the 
intense light thus procured. A cavity is always produced in the 
piece of enareoal attached to the positive wire which is connected, 
with the last platinum or copper plate of the battery ; and at the 
same time a mammillated deposit, ■which continually increases in 
length, is formed upon the charcoal on the negative wire in con- 
nexion with the zinc plate. Attempts have been made to apply 
tihia light to the purposes of illumination, and in particular cas^, 
as for the display of optical phenomena in the class-room, it is 
often of high value. Its application is, however, attended with 
great practical difficulties, of which the transfer of conducting 
matenal from one pole to the other is one of the most serious ; 
and it is very doubttul if, even when the mechanical obstacles ai-e 
removed, such a light can be economically or advantageously 
used for the general purposes of illumination. The light is too 
intense for the unprotected eye to endure for any lengm of time 
in its immediate vicinity, an^ the expense is so great, that un- 
less the electricity can be obtained in the process of preparing 
some chemical compound in the battery itself which will defray 
the cost of production, its success as a mercantile speculation is 
ve rypr oblematical. * 

This' transfer of solid particles is not confined to eases in which 
a porous conductor like charcoal is used. The densest metals, 
such as platinum and iridium, are transferred from the positive 
towards the negative terminal, but the arc in these eases is not 

* The general appearance of the electric lamp of DubOEcq ia fihown in fig. 233, in 
wUch T, T represent the charcoal points between which the voltaic arc is maintained. 
The object to be effected is to preserre these paints at a uniform distance from each 
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BO long as when more friable materials are used. When a_ posi- 
tive coke point was opposed to a negative electrode of platimim, 
tlie arc was not more than half the length of that obtained by 



other, and at the Barae height in the lantern, so that th 
kept in the fiamc position with respect to the lens. 

The regulator bj which this result ia attained ie shown at e. Witbui this h aj 
electro-magnet, and a clock-movement, the principal parts of which are rcprcsentei 
upon a larger Bcale in fig. 22*. The clock n 



^e of light shall always bi 



i to bring tt 




pomts towards each other bo as to compensate for the wasW they eipencnce in bun&g, 
and the electro magnet is employed to check the clock action when no longer need- 
ed. When the batt^ ia in use the negative point is always consumed in air more 
slowly Uian the positive one; and it becomes necessary to provide means for moving 
each point, at a rate proportioned lo the rapidity of its consumption. This is effected 
by making the drums n and p of unequal dunensions ; the chains c i3\i d are employed 
to transmit the movements of the clockwork to the poinia I, r'. The chain c attached 
to the upper or n^alive point t', ia coiled upon the smaller drum », and paasss up the 
tabular support «. This chain is womid in the oppo^te direction lo that of the chain 
i^ which afler passing over (he pulley d', is attached to the tube containing the lower or 
positive charcoal pomt l. Both drums are placed upon a common asis, and therefore 
both are moved by the clock in the same direction, so that whilst the chain d attached 
to the lower point is bdng wound up, the chidn c connected with the negative pomt ia 
bong unwouuti, though less rapidly than d, and the negative point is allowed to de- 
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making the cote negative and t!ie platinum positive (De la liive.) 
(xrove loTind it to be true generally that in an oxidizing medium 
the brilliancy and length of the are was greatest with the most 
oxidizable metals. Van Breda states that portions of the n^a- 
tive terminal are always transferred towards the positive wire. 
This was particularly evident when iron balls were made the 
terminals of the wires, although this transfer is much less in 
amount from the negative to the positive, than the eimnltaneous 
transfer from tJie positive to the negative wire. The light that 
attends the voltaic are does not necessarily proceed from the com- 
bustion of the conducting material, for it occurs in a vessel from 
which air is exhausted, with a brilliancy not much inferior to 
that exhibited by it in the air. It may even he produced be- 
tween two charcoal points which are immersed imder water. In 
every caec, however, the transference of some material paiiieles 
is essential to the production of the luminous arc, Gassiot found 
that even when a combination of 330 cells on Daniell's construc- 
tion was employed, no spark could be obtained between two pla- 
tinum exu^aces, connected one with one wire, the other with the 
opposite wire of the battery, in a high state of efficiency, although 
me two platinum surfaces were brought within ^„\— of an inch 
of each other. If, however, the transfer of some material parti- 
cles be effected between the two surfaces, either by a momentary 
contact, or even by the disehai^ of a Leyden jar across the in- 
terval, the current maybe estabhshed and the luminous arc main- 
tained with a small number of pairs of plates. 

The heat produced in the voltaic arc is of the most intense 
kind. Metals like platinum, iridium, and titanium, which resist 
the greatest heat tiiat can be obtained by the direct chemical ac- 
tion attendant upon combustion in the furnace, readily melt and 
are transferred from the positive to the negative terminal by a 
voltaic current of high intensity. The fusion is easily accom- 
plished by excavating a circular piece of gas coke, about an inch 
in diameter and half an inch thick, into the form of a crucible, 
which is attached by a stout copper bell-wire to the wire which is 
in connexion with the last platinnm plate of the battery ; a piece 
of boxwood charcoal or of gas coko about the thickness of a cedar 

Bceni The wires from the battery (about 40 pairs of Grove) are made fast to tho 
binding-screws b, b', the positive wire n being connected with one end of the coil i i of 
tlie eleetro^magnet m, while tlie other end of the coil is in electrical contact with the 
lower point T. The current is thus made to pass through the electro-magnet on its way 
to the charcoal points. When the electro-magnet is in fiill action it attracts the keeper 
it attached to the lower end of the bent lever working on the fulcrum p. The upper 
eitremity of this lever, when the keeper is drawn home, locks into the ratchet wheel 
seen edgewise at r; thus arresting the dock movement, and rendering the charcoal 
prants stalionarj. As soon as the distance between the points becomea too great, the 
current through tie electro-magnet becomes reduced in power, and lets go the keeper k, 
which is forced awaj from the magnet by the releasii^ spring q. B; this means the 
clockwork is immediately set free, and the points ore thus made to approach each other, 
until the current recovers sufScient force again to attract the keeper, which once more 
loclis iato the ratchet wheel r. When the battery is iu good action, these alternate 
motions of the keeper and of the clockwork recur with frequency and regularity ; so 
that the points are muntaioed at a distance sufficiently uniform to prevent any sudden 
or roatena] fluctuation in the amount of light. 
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pencil 18 attached to the wire connected witli the zine plate of 
the battery : the metal for trial is then placed in the little coke 
crucible, and the current from 20 or 30 pairs of Grove's batteiy 
13 transmitted through it by means of the charcoal-point witii 
which the negative wire of the battery is armed. Gassiot has 
pointed out the remarkable fact, of which no explanation has as 
yet been given, that the positive wire, or the wire connected with 
the platinum plate, becomes much the hotter of the two in this 
action. This effect is reversed in the eaae of the secondary cur- 
rent obtained from the Kuhmkorif coil (313), in which the nega- 
tive terminal becomes the hottest, and from which the dispersion 
of solid particles almost exclusively occnrs. 

Favre {Comtea Bendua, Iv. 56) has arrived at the interesting 
conclusion that the quantity of heat evolved by the solution of 
a definite quantity of zinc in any given circnit is lessened in the 
battery itself, in proportion as heat is evolved at any given point 
of the circuit, and that heat is lost when motion is produced. 
The quantity of heat thus lost agrees very closely with the quan- 
tity required by theory if Joule s mechanical eqiiivalent of heat 
(139) be adopted. A part of the heat is tlius converted into me- 
chanical effect or motion, as must be the case if the mechanical 
theory of heat (130) be true. The simple solution of a quantity of 
zinc in sulphuric acid, equal in amount to that dissolved in the 
battery during each experiment, was found by previous researches 
to be represented by tlie number 18444, In these experiments 
Favre arranged the battery itself in a calorimeter ; and in a 
second calorimeter he placed the conducting- wire, which was 
coiled in such a manner as to be applicable to the production of 
electro-magnetic action, t!ie amount of which could be measured 
by its power of raising a weight. He then made five series of 
experiments. In the first of these the current traversed the bat- 
tery only and a short copper wire : in the second series, it tra- 
versed the battery and the conducting-wire of the coil, the 
iron not being included in the coil ; in the third series, the me- 
tallic core was previously placed in the axis of the coil ; in the 
fourth series, the apparatus for rotation was. set in motion, but 
no weight was raised ; and in the fifth series a known weight 
was lifted to a definite height by the action of the electro-magnet. 
The results were as follows : — 





No or 






HfSt lost for 




ti 




(Bitlery.) 


(Condu fling coll.) 


Weight ralstd. 






1 


1S682 










2 


18614 






18674 






16448 


2219 




18667 




4 


13888 


4169 




18657 




5 


15427 


2947 


309 





The fifth column gives the total amount of heat measured in 
' units of heat ' {note p. 208), from which it will be seen to be sen- 
sibly equal in each case. 
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Tlie colour of the light emitted by the different metals when 
deflagrated between the wires of the battery, is peculiar i'or each : 
gold burna with a bluish white light, silver with a beautiful green 
light, copper with a reddish white, zinc with a powerful white 
li^ht tinged with blue, and lead with a purple light ; steel burns 
with brilliant yellow scintillations, mercury with a brilliant white 
light^_ tinged with blue. If these lights be viewed separately 
through a glass prism, large dark intervals will be seen between 
a few brilliant streaks of light of different colours and of definite 
degrees of refrangihility (107, 108), 

^Dhe^taal Actions of the YoUaic Battery. 

(281) Bischa/yge ly Convection,. — To the chemist, however, 
the discharge of the voltaic current by the process of convection, 
is even more interesting than the brilliant phenomena exhibited 
by the disruptive discharge, since it is in the dischai'ge by con- 
vection that the important chemical actions of electricity are dis- 
played. 

It has already been explained when describing the voltameter 
(272), that if the connecting wires of a voltaic battery terminate 
in platinum plates or wires which are made to dip into acidulated 
water, decomposition of the liquid takes place, and oxygen and 
hydrogen are evolved at the surfaces of the platinum plates. 
Iliis important discoveiy was made in the year 1800, by Nicliol- 
son and Carlisle, and the chemical action of the voltaic pile thus 
revealed, enabled Davy a few years later to decompose the alka- 
lies and earths, which up to that time had been regarded as ele- 
ments ; but by showing their compound nature, be at once modi- 
lied, in an important manner, the views of chemical philosophy 
which had prevailed up to tliat period. 

In pursuing these experiments on the voltaic decomposition 
of water, it was soon obsei-ved that when copper wires, or the 
wires of metals which are easily susceptible of oxidation, are em- 
ployed, gas escapes from one wire only ; whilst if platinum or 
gold wires be used, gas is evolved from both. In the first case, 
the oxygen combines with the copper or oxidizable metal, and 
forms an oxide which is dissolved by the acid liquid, and tiiere- 
fore hydro^n alone escapes ; in the second case, both gases are 
evolved ; smce neither platinum nor gold has sufficient chemical 
attraction for oxygen to combine with it at the moment of its 
liberation. 

The process of resolving compounds into their constituents by 
electricity, is termed dectroli/sis (from ' electricity ' and Xw^k re- 
leasing), and a body susceptible of such decomposition, is called 
an electrolyte; tlie terminating wires or plates of the battery are 
called ihe poles of the batteiy. The word electrode is also used 
as synonymous with the pole of the battery, and it implies the 
door or path (from oBo'i a way) to the current by which it enters 
or leaves the compound through which it is transmitted. 

(282) Zaws of EhcProlysis.—A. great variety of bodies admit 
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of being decomposed by electrolysis, but tbe process is not appli- 
cable to all indiscriminately. It occurs under certain definite 
laws, wliich may be stated as follows : — 

1. No elementary substance can he an electrolyte : for from 
tbe nature of the operation, compounds alone are susceptible of 
electrolysis. 

2. iLlectrolysis occurs only whilst the Tjody is in the liquid 
state. The free mobility of the particles which form the body 
undergoing decomposition is a necessary condition of electrolysis, 
since the operation is always attended by a transfer of the com- 
ponent particles of the electrolyte in opposite directions. Elec- 
trolysis is necessarily a' process of electrical conduction, bat it is 
conduction of a peculiar kind ; it is totally different from that of 
ordinary conduction in solids. If an electrolyte be soliditied, it 
instantly arrests the passage of the force ; for it cannot transmit 
the electric current like a wire or a solid conductor ; the thinnest 
film of any solidiiied electrolyte between the two platessuspends^ 
all decomposition. Many saline bodies are goooconductors 
when in a fused condition ; for example, nitre, whilst in a fused 
state, conducts admirably ; but if a cold electrode be plunged 
into the melted salt, it becomes covered with a film of solid nitre, 
and no cnirent is transmitted until a continuous chain of liquid 
particles is restored between the plates by the melting of the film ; 
these effects are readily exhibited by including a galvanometer 
in the circuit. A few partial exceptions to this rule have been 
observed, and have already been alladed to (278) ; but in such 
cases the decomposition is always extremely limited. 

3. During electrolysis, the components of the dectrdyte are 
resdved into -two groups: one group takes a 'definite direction 
towards one of the electrodes : the other group takes a course 
tmcards the other dect^ode. This direction of the ions (as the 
two groups which compose the electrolyte have been termed) de- 
pends upon the direction in which the chemical actions are going 
on in the battery itself. The two platinnra plates in the decom- 
posing cell may be distinguished from each other in the manner 
proposed by Daniell, These ■ lates occupy r^pectively the posi- 
tion of a zinc and of a platinum plate in an ordinary cell of the 
battery ; tliat is to say, if for this decomposing cell an ordinary 
battery cell were substituted, a rod of zinc would occupy the 
plaee of one of tlie platinum plates, and would be attacked by 
the oxygen and acid in the exciting liquid of the battery, whilst 
a plate of platinum or some other conducting metal would oc- 
cupy the place of the second platinum plate, and would have the 
hydrogen of the exciting liquid directed towards it. To the plate 
of the decomposing cell which corresponds to the zinc rod, 
Daniell gave the name of the sincode, which is synonymous with 
the anode of Faraday and the ^ositvoepole of other writers. To 
the plate which corresponds to tbe platinum or conducting metal, 
Daniell gave the name of the platinode, which is synonymous 
with Faraday's term of cathode, and with the negative pole of 
other writers. Oxygon, chlorine, and the ac' ' 



,y Google 



DIEECTION OF ELECTKOLYBIS. 

their appearance at the zincode in the decomposing cell during 
electrolysis ; whilst hydrogen, alkalies, and the metals are 
evolved upon the platinode. 

This definite direction which the elements assume during 
electrolysis may he shown by collecting the gas which is evolved 
over two platinum plates, connected, one with the last platinum, 
the other with the last zinc plate, of a comhination consisting of 
three or four pairs of G-rove e battery. Hydrogen will be collect- 
ed over the platinode, or the plate in connexion with the zinc 
end of tlie arrangement, and which would correspond to the pla- 
tinum plate if another cell of the battery were here interposed ; 
whilst from the zincode, or plate in connexion with the platinum 
of the battery, oxygen is evolved. 

The following experiment further illustrates the definite direc- 
tion which the components of the electrolyte assume. Let four 
glasses he placed side by side, as represented in fig, 225, each 




divided into two compartments by a partition of card, or three 
or four folds of blotting-paper, and let the glasses be in electrical 
communication with each other by means of platinum wires 
which terminate in strips of platinum foil. Place in the glass 
No. 1, a solution of iodide of potassium mixed with starch: in 
2, a strong solution of common salt, coloured blue with sulphate 
of indigo ; in 3, a solution of sulphate of ammoninm, coloured blue 
with a neutral infusion of the red cabbage ; and in 4, a solution 
of sulphate of copper. Let the plate, h, be connected with the 
positive wire, and let a complete the circuit through the negative 
wire. Under these circumstances iodine will speedily be set 
free in S, and will form the blue iodide of starch ; chlorine will 
show itself in d, and will bleach the blue liquid ; sulphuric acid 
will be seen in /, and wiU redden the inftision of cabbage ; sul- 
phuric acid will also be liberated in h, as may be seen by intro- 
ducing a piece of blue litmus-paper, which will immediately be 
reddened ; whilst a pieceof turmeric paper will be turned browa 
in a, from liberated potash ; in c it will also be turned brown by 
the soda set free ; in e the blue infusion of cabbage will become 
green from the ammonia which is disengaged ; and in g metallic 
copper will be deposited on the platinum foil. 

4. The amount as welt as the direction of dectrolysis is d^ 
nite, and it is d^endent upon the degree of action m me hatter^ ; 
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being directly proportionate to the quantity of electricity in elr&ti- 
lation. It lias been amply proved by experiment that for every 
33'7 grains of zine which is dissolved in any one cell of the bat- 
teiy, provided local action be prevented, 9 grains of water are 
decomposed in the voltameter ; or if, aa in the preceding experi- 
ment, several electrolytes be arranged in succession, each com- 
pound will experience a decomposition proportioned to its chemi- 
cal equivalent. For instance — if the current be made to pass 
first lirough fused iodide of lead, and then through fused chloride 
of tin — for each 32-7 grains of zinc dissolved in any one cell of 
the battery, 103-5 grains of lead, and 59 grains of tin will be 
separated on the respective platinodes, whilst 127 grains of 
iodine, and 35'5 grains of chlorine will be evolved on the respec- 
tive zineodcs. These numbers correspond with the chemical 
equivalents (not the atomic weights) of the several elements 
named. 

Variaf n ' tl 'ntensity of the current (*. e., variations in 
f rce which passes through a given traus- 
nductor in equal times) produce no varia- 
f chemical decomposition which is effected 
For example : if tliree similar voltameters, 
f equal area, be arranged as at a, 5, o, fig. 
the fi t ' !1 t ansmit twice as much electricity in a given 
time as either of 
the others. The 
current will there- 
fore have twice the 
intensity in a ; but 
the total quantity 
of gaa collected 
from 5 and c to- 
gether will be ex- 
actly equal to the 
total amount yield- 
ed by a in the 

course of the experiment. Hence it follows that the quantity of 
electricity which is separated from a given weight of matter in 
the act of combination is able, irrespective of its intensity, when 
thrown into the current form, to produce the decomposition of 
an equivalent qua/ntityoi any compound body which is suscepti- 
ble of electrolysis ; an& hence it has been concluded that the 
equivalent weights of the simple bodies are those weights of each 
substance which are associated with equal quantities ol electricity, 
and have naturally equal electric powers. 

To these laws may be added a fifth — viz, ; — 

5, Tfiose bodies only are electrolytes which are composed of a 
conductor and a non-conductor. The conductors accumulate on 
the platinode, the non-conductors on the zincode. For example, 
iodide of lead when melted, conducts the current ; metallic lead, 
which is a conductor, accumulates at the platinode ; whilst iodine, 
which is a non-condnctor even when melted, collects at the zine- 
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ode. On the other hand, red chloride of sulphur ("SCI,) is not 
an electrolyte, although eoroposed of siiigle eqvmaleTiis of its 
components ; and melted sulphur, and chlorine, when the latter 
is liquefied by pressure, are both insulators of electricity. A 
compound composed of two conductors is equally unfit for elec- 
trolysis. For instance, a metallic alloy, such as plumber's solder, 
composed of two parts, or one equivalent, of lead, and one part, 
or one equivalent, of tin, when melted, eonduete the current per- 
fectly, but no separation of its constituents is effected. 

(283) Belative Deomnposc^Uity of Electrolytes.-— ^yctj elec- 
trolyte, since it can transmit a current, is also capable of gene- 
rating a current if it be employed to excite action in the battery 
itself. Comparatively few electrolytes, however, are practically 
available for this pnrpose. It is necessary that the deposited 
compounds be dissolved as fast as they are produced ; otherwise 
the crust of insoluble matter introduces a mechanical obstacle by 
which the action is speedily checked. 

Great differences occur in the facility with which different 
electrolytes yield to the decomp(»ing action of the voltaic current. 
Generally speaking, the greater the chemical opposition between 
the elements of a compound, the more readily it yields to elec- 
trolysis, y- The following table exhibits the order in which, ac- 
cSrding to Faraday, the different compounds which are enume- 
rated yield to electrolysis ; those which are most readily decora- 
posed standing first on the list : — 

Solution of iodide of potassium 
Fused chloride of silver 
Fused chloride of zinc 
Fused chloride of lead 
Fused iodide of lead 
Hydrochloric acid 
Diluted sulphuric acid. 

(28i). Electro-chemical Actions. — The suspension of chemical 
action which occurs under the influence of electrical induction is 
one of the most interesting illustrations of the correlation of 
forces. This suspension is well shown in the way in which zinc 
when placed in contact with copper beneath the surface of sea- 
water, acta in preventing the corrosion of copper, and transfers to 
itself the chemical energy which would otherwise be manifested 
upon the copper (261). A similar suspension of chemical action 
is produced in the ordinary case of the decomposition of water 
between two platinum electrodes by the voltaic current : here 
the electricity appears to act by weakening, or rather by partly 
neutralizing, ormnaxy chemical attraction in one direction, whilst 
it strengthens or adds to it in the opposite, and hence the par- 
ticles which were previously in combination witli each other 
lose their attraction one for tlie other, and acquire it for those 
particles which are nest adjacent to them in the liquid ; thus, 
if the brackets above liie subjoined formulse indicate the state 
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of combination of the elements of 'liydro chloric acid before the 
! of the current, the brackets below would indicate the 



effect produced after its transmission, thus :— 

HCi UC] Hci Hci 



Here z o is supposed to represent the battery, and + and — 
the terminal wires of the arrangement : the positive elei^tricity 
seems to detach the chlorine ai^acent to it from the hydrogen 
■with which it was previously in combination, whilst tlie negative 
electricity produces a similar effect upon the contiguous particles 
of hydrogen, and the intermediate portions are polarized in the 
manner aliove represented. 

The following modification of this experiment also shows 
in a striking manner the remarkable inflaenee of electric polar- 
ity upon chemical attraction : — If two separate glasses filled 
with diluted sulphuric acid be placed side by side, and into 
one glass the negative wire of the battery is plunged, whilst 
the positive wire dips into the other cell, no decomposition will 
ensue ; but if a connexion be established between the two 
glasses by means of a slip of platinum foil, one end of which is 
made to dip into each, the current will be immediately trans- 
mitted : hydrogen will be evolved upon the platinode in one 
glass, and oxygen upon the zincode in the other glass ; whilst, 
owing to the polar condition into which the connecting slip of 
platinum is thrown, hydrogen will be given oif from one end of 
the slip, and oxygen willoe evolved'upon the other extremity 
of it, although the metal itself experiences no sensible change 
beyond a slight rise of temperature, 

(385) Eleotrdysis of Scdts.~li has already been stated (282) 
that when a binary compound, such as a fused chloride, or an 
iodide, is submitted to electrolysis, the ions or components of the 
compound are separated at the respective electrodes in equivalent 
proportions : the metal appearing at the platinode, wJiiJat the 
chlorine, or corresponding element, is deposited at the zincode. 
If the zincode of the battery be formed of a substance capable 
of combining with the chlorine or' corresponding element, an 
equivalent amount of the chloride or other compound of this 
metal will be formed there ; and when the metal of the zincode 
is the same as that contained in the compound which is under- 

foing decomposition, the original compound is reproduced, 
'hus, if a quantity of fused chloride of silver (AgCl) be decom- 
posed by a current which is conducted into it by means of silver 
wires, the quantity of the cliloride will undergo no alteration ; 
for in this experiment, as fast as the silver is deposited upon the 
negative wire, a corresponding amount of silver will be dissolved 
from the positive wire, since the latter wire combines with the 
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equivalent quantity of chlorine which is liberated at this point. 
Let Ag+ represent the poBitive silver wire, or zincode, by which 
the current is conveyed into the melted chloride, and — Ag the 
negative wire : if the brackets in the upper row of symbols 
which follow indicate the combination before the passage of the 
current, the lower ones will show the arrangement after the oc- 
currence of the decomposition : — 

- Ag [A ^IA^IAJCI] Ag+ 

AgAg fciAgOIA^ClAgJ 

An examination of the products furnished by the electrolytic 
decomposition of aqueous solutions of the oxysalts (or salts formed 
from acids which contain oxygen), exliibits results which apijear 
to be at variance with the statement that the components of an 
electrolyte are separated in equivalent proportions — but further 
investigation shows that they are strictly in accordance with it ; 
these experunents also lead to very interesting conclusions which 
have an important bearing upon the theory of salts in general. 

When a solution of an oxysalt such as sulphate of sodium is 
submitted to electrolysis, a quantity of acid aeeumulates around 
thepositiveplate, and of alkali around the negative plate ; whilst 
at the same time both oxygen and hydrogen are set free. The 
proportions of each may be determined by means of a diaphragm 
apparatus, in which the products of decomposition can be kept 
separate from each other, and the gases which are evolved can 
be separately collected. Such an apparatus was contrived by 
Daniell, and is represented in fig. 237. a and c are the two 




halves of a stout glass cylinder, which are fitted by grinding upon 
a hollow ring of glass, o ; the two rims of this ring are ground 
down to a grooved shoulder, so as to allow a thin piece of blad- 
der to be tied over each end of the ring, whicli thus constitutes a 
kind of drum ; at k is a small liolc through which the cavity thus 
formed can be filled with liquid ; n and e are two bent glass 
tubes for carrying off the gases evolved during electrolysis ; ff and 



,y Google 



BBAEDTQ OF ELECTEOLYBIS ON THE THEOET OF BAI.TS. 118 

h are two large platimim electrodes, which pass through corks 
in the necks of the cylinder, and can be connected with the bat- 
tery by means of the wires, f, i. The apparatus thus formB 
three compartments, which may be filled with the liqnid for ex- 
periment, and the whole may be supported in a frame of wood. 
JBy the employment of this apparatus, it is found that while a 
quantity of acid awcumiilatcs at the zincode, an equivalent 
amount of altali is set free at the platinode. At the same time, 
a quantity of gas is also emitted from each electrode, that from 
the zincode being oxygen, and that from the platinode, hydro- 
gen. Upon placing a voltameter in the course of the circuit, it 
IS found tliat a quantity of gas is emitted from the saline liquid, 
exactly equal to that obtained from the volt-ameter ; and upon 
neutralizing the acid and alkali, they likewise are in equivalent 
proportions to the gas which is emitted (Daniell, Phil. Trans., 
1839 and 1840).* Suppose that the gas collected in the volta- 
meter amount to 71 cubic inches (or the quantity yielded by 9 
grains of water at 60° F., Ear.=30 inches), the united quantity of 
oxygen and hydrogen from the solution of sulpliate of sodium would 
be me same, — and, in addition, one equivalent in grains, or 71 
grains of sulphate of sodium would be decomposed ; 31 grains of 
soda (Na,t>) would apparently be liberated at the platinode, and-40 
grains of sulphuric anhydride (■?(?,) at the zincode. Upon substi- 
tuting a voltameter of fused chloride of lead in the circuit for 
one containing diluted sulphuric acid, and still continuing to 
transmit the current through the solution of sulphate of sodium, 
it was found tliat for every equivalent of chloride of lead which 
was decomposed, 1 equivalent of the mixed gases was evolved 
from the saline solution, and at the same time 1 equivalent of the 
sulphate was decomposed. What is observed in the ease of sul- 
phate of sodium holds good also with the oxysalts of the alkalies 
and earths generally. 

(286) Beariiig of Electrolysis on the Binary The&ry of Salts. 
— It is a fundamental law of voltaic action, that the amount of 
force circulating in any circuit at the same time is equal in evei-y 
vertical section of the circuit, and consequently its decomposing 
energy in each section must also be equal ; yet in the case of the 
sulphate of sodium, there appears to be in the saline solution 
twice the amount of decomposition that occurs in the adjacent 
voltameter, though both are transmitting the entire current from 
the battery. A satisfactory and complete esplanation of this 
anomaly is, however, effected by the Unary theory of salts in the 
following manner : — 

Upon tlie binary theory of salts, the component ions of sul- 
phate of sodium are not soda and sulphuric anhydride (Na,(?, SO^ 

• This obserratioii is strictli/ true, aa I havo fuunii by numcroua careful repetitioDB 
of these eipcrimcnta, although, a8 Magnus (Fogg. A'tnal. oil. 1) has pointed out, when 
the qoantity of acid and alMi becomes considerable in (he two cells, (he liberated acid 
ftnd albdi each transmit a portion of the current aa well a8 the sulphate of sodium, so 
that if the ciperiraent be unduly prolonged, the proportion of the acid and base set free 
is less than that which theory requires. 
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]biit eodium and BTilphion (a coinpouud of 4 atoms of oxygen and 
1 of Eulpbur), the compound teing suljphionide of sodium 
(^sl^SO^ ; and. Buch it proves to be under the influence of elec- 
trolysis, sodium being liberated at the platinodc, whilst sulphion 
appears at the zincode. Sodium, however, cannot exist in the 
presence of water ; the metal immediately takes oxygen, and be- 
comes converted into soda; Na, + H,(? yielding NajO+H^ : the 
alkali is dissolved in the liquid, whilst the hydrogen escapes as 
gas. Sulphion is equally unable to exist in the separate form ; 
it combines with hydrogen, Ji.,0+SO^ becoming O+H^SO,, 
while oxygen escapes, and sulphuric acid is formed : and as both 
sodium and sulphion are liberated in equivalent proportions, the 
quantity of water decomposed is also equivalent to the quantity 
of salt electrolysed. 

On the foregoing view, therefore, the evolution of oxygen and 
hydrogen during the decomposition of saline solutions is a second- 
ary action. If a solution of salt of a metal which, lite copper or 
lead, does not decompose water at ordinary temperatures, be 
substituted for one of^ sulphate of sodium aa the electrolyte, no 
hydrogen should be evolved, but the metal itself should appear 
upon tiie platinode ; whilst if the other constituent of the salt be 
one which, like chlorine, is unable to take hydrogen from water 
at common temperatures, no oxygen should be emitted. Accord- 
ingly, upon making the experiment with a solution of chloride of 
copper or of chlonde of lead, the salt is resolved into metallic 
copper or metaUie lead, and chlorine gas, but no oxygen or hy- 
drogen, is liberated. These observations will explain the reason 
that although water, when pure, is scarcely decomposed by the 
current from 100 cells or upwards, yet it appears instantly to 
become a good electrolyte on the addition of a few drops of acid, 
or of solution of a salt of an earth or an alkali ; for upon the 
addition of the salt it is this body which is decomposed, and the 
water is then resolved into oxygen and hydrogen by a secondary 
action in the manner already explained. Sulphuric acid in solu- 
tion is in like manner resolved into hydrogen and sulphion, 
II^'O,. In neither case is the water directly electrolysed. This 
observation also explains a circumstance which much perplexed 
the earlier experimenters upon the chemical action of the voltaic 
pile. In all experiments in which water was decomposed, both 
acid and alkali were invariably found to be liberated at the 
electrodes, although distilled water was employed ; and hence it 
was believed for some time that the voltaic current had some 
mysterious power of generating acid and alkaline matter. The 
true source of tiiese compounds, however, was traced by Davy 
{Phil. Tram., 1807), who showed that they proceeded from im- 
purities contained either in the water employed, or in the vessels 
made use of, or in the atmosphere itself, llaving proved that 
ordinary distilled water always contains traces of saline matter, 
he redistilled it at a temperature below the boiling-point, in order 
to avoid all risk of carrying over salts by splasnmg : he found 
that when lie used marble cups to contain the water for decom- 
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position, tlie acid was the hydrochloric and the alkali was soda, 
both derived from chloride of sodium present in the marble it- 
self ; when agate cups were used to contain the water, he ob- 
tained silicia ; and when he nsed gold vessels, he procured nitrio 
acid and ammonia, which he traced to atmospheric air ; by 
operating in vacuo, the quantity of acid and alkali was reduced 
to a minimum, but the decomposition then was almost arrested, 
althoug;h he operated with a battery of 50 pairs of 4-inch plates. 
Hence it is manifest that water itself is not an electrolyte, but it 
is enabled to convey the to 'f ' n ' !v a'nt traces of 
saline matter. 

The following table w 1 str e t e man n which saline 
bodies may be eTassified n re a o to heir node f electric de- 
composition ; the a? Oi nd a n t e lee o n gative, the 
eaih/ion the electro-pos t v omponen 

A, ample 



[ N H,H,N),PO,. 



When m,onobasic, sa s a e h ub ect of e ect olysis, the pro- 
portion of acid and ot base hberated is m single equivalents: 
thus, nitrate of potassium yields 1 equivalent of potash and 1 of 
nitric acid for each eqiiivaient of fused chloride of silver which is 
decomposed in the v<Jtameter. 

When a polybasic salt is submitted to electrolysis, for each 
atom of fused chloride of lead {P5C1,) which is electrolysed in tho 
voltameter, 2 atoms of base appear at the platinode : for exam- 
ple, when 2 atoms of the tribasic phosphate of sodium are decom- 
posed, 3 atoms of chloride of lead are reduced in the voltameter ; 
and in the diaphragm cell 2 (Na^P(9,) yield 3 Na,(?-|-3 H, at the 
platinode, whdst 2 (H,POj4-3 are liberated at the zincode. 
When the pyrophosphate of sodinm (Na,Pj<>,) is electrolysed, 3 
atoms of chloride of lead ai-e decomposed in the voltameter, whilst 
2 !N"aj(? + 2 H, make their appearance at the platinode of tiie dia- 
phr^ra cell, and H,P,(?,-|-0, are set free at the zincode. When 
2 atoms of metaphosphate of sodium 2 {Na,POj) are decomposed, 
1 atom of chloride of lead is electrolysed in the voltameter, whilst 
Naij£?-I-H, appeals at the platinode of the diaphragm cell, and 2 
HPC>,+ (? is liberated at the zincode. In each ease the phospho- 
ric acid thus transferred preserves its tribasic, dibasic, or mono- 
basic character, according to the nature of the salt wliich was 
electrolysed. 
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Tlie results of the electrolysis of the moDohasic and polybasic 
oxysalts, it will thus be seen, admit of a simple explanation upon 
the binary theory. The results of the decomposition of the basic 
salts are not, however, so easily reconciled with this view. Ac- 
cording to h.- Eecqucrel, when basic salts are decomposed,— for 
each atom of chloride of lead in the voltameter, 2 atoms of a 
monobasic acid are liberated at the zincode, whilst all the atoms 
of base which were previously in combination with the acid are 
liberated at the platinode. My own experiments upon this point 
confirm this view, although from a numerous series of trials on 
the basic nitrites, basic nitrate, and b^ic acetates, of lead, 1 
always obtained a smaller quantity of oxide of lead and of me- 
tallic lead than was reqnired by theory, if this law held good ; 
probably this deficiency was due to the secondary action of the 
solution upon the liberated oxide. When, for example, the tri- 
basic acetate of lead {Ph 2 PhO, 2 C^HjOj) was decomposed, em- 
ploying as the electrodes plates of lead instead of plates of plati- 
num, for every 2 atoms of acetic acid radicle which appeared at 
the zincode, somewhat less than 1 atom of metallic lead and 2 
atoms of oxide of lead appeared at the platinode : so that the 
't appeared to have undergone decomposition into Pl + 'iPhO 
"■'""'" '■ ■ '■"■ '■ ■ cilet' "^ 



and 2 (7,H,0j. It is difficult to reconcile the idea of an ion con- 
sisting of Pb + 2PbO* with the binary theory. The most prob- 
able explanation appears to be this : viz., that the oxide of lead 
is attached to the normal acetate in a manner analogous to water 
of crystallization, and that the noi-mal acetate is the true electro- 
lyte, wliilst the oxide is left upon the electrode in the insoluble 
Jorm as soon as the acid wliich kept it in solution is removed. A 
similar explanation may be applied to the case of other soluble 
basic salts. 

Faraday's ' principle, that if the same pair of elements unite 
■with each other to form more than one compound, it is only the 
compound which contains one atom of each element that admits 
of electrolysis,' although generally true, cannot, however, be laid 
down as a law of electric decomposition. It occasionally happens 
that two different electrolytes containing the same elements exist. 
Both cupric chloride ((7«C1,) and cupreous chloride (OuCl), for 
example, are electrolytes. When a current of given strength is 
transmitted successively through, 1, a solution of sulphate of cop- 
per ; 3, a solution of cupric chloride ; and 3, fused cupreous 
chloride, — decomposition takes place simultaneously in each : but 
for each atom of sulphate of copper resolved into Ou and SO^, 
one of cupric chloride is decomposed into Ou and CI, and two of 
cupreous chloride into 2 Ou and CI, ; so that for each atom of 
copper separated at the platinode from the solution of the sub 



• E. Becquerel considered that he had obtained a new suboiide of lead by the clee- 
trolyaia of its basic salts, but this appears to be an error. It is a mere miiture of 
metidUc lead with oiide of lead, for the solution of neutral aeetate of lead quieUy dis- 
Holvea the oiide and leaves the metallic lead ; and the proportion of oiidc to the metallio 
lead varies accordii^ to the nature of the salt operated upon. 
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phate and from the eupric or ordinary chloride, 2 atoms of cop- 
per are liberated from the cupreous chloride. 

If sulphate of copper be used as the measure of the voltaic 
action, Buif {Liebiis Annal, ex. 257) eonfiiders when fused 
niolybdie anhydride is electrolysed, that for each atom o' sul- 
phate of copper resolved into Cu and SO,, 1 atom of molybdic 
iinhydride {MoO,) furnishes 1 atom of oxygen and 1 ot MoO„ 
and in like manner 1 atom of fused vanadie anhydride ( VO,) 
furnishes 1 of oxygen and 1 of VO,. Fused bichromate of potas- 
sium (K Ci- , or K,OrO„OrO,) is also an electrolyte, and it is 
decomposed partially into K, and CrO„ and partially into Cr,0, 
and 0,. „ , „, 

The same current which liberates 3 atoms of metallic copper 
from 3 of sulphate of copper, will successively resolve one atom 
of chloride of aluminum (-4?,a,) into Al, and CI., 6 of cupreous 
chloride, 6 {OuCl), into Ou, and Cl„ and 2 of chromic anhy- 
dride, 2 {OrO,X into Cr^O, and (?,. 

When more than one s^lt is present in a solution, the current, 
when below a certain strength, decomposes only one of them, the 
best conductor being decomposed when the current is feeble ; but 
when the intensity of the current passes a certain limit, a portion 
of the inferior conductor experiences decomposition. Ihis limit 
to tlie intensity of the current, according to Kagnus (Fogff. Ann., 



eii loc eii) varies with tlie size of the electrodes, and with the 
distance between them, as well as with the proportion m which 
the different electrolytes are mixed.* , - . 

(287) Umqvul Transfer of Ions during Elestrdysis-'-^ cu- 
rious circiunstance in relation to the proportion in which the ions 
of the electrolyte travel towards the respective electrodes, was 
remarked in the counie of these investigations on the decomposi- 
tion of saline solutions. It was perhaps natural to expect that 
it a solution underwent electrolytic decomposition, tor eacn 
equivalent of the compound decomposed, its component ions 
should be tramf erred to each electrode in the exact proportion 
of half an equivalent of each, although a whole equivalent was 
libmUd in the manner shown at No. 2 in the scheme which 



follows 



Cu Cu 1 Cu Cu 
W SO.SO. I SO.SO. _ 

,ov -CTI Cu C 1 n Cu + 
'^^ SO. S i O. SO, 1 SO . 



, -Cu I On 
W SO. 



OuCu 
SO.SO. 



In this scheme it is supposed that sulphate of copper is the 

« nie results obtained by Magnus upon tbe dcoonipoBition of iodic acid percUoride 
of tin. snd some other bodies, appear to be only seooDdarj aouous, not produced by tno 
dirocJ electrolysl. of Sm, eompoonds, and cotis«inently tkey do nol ,dm« of bene 
applied to the general theory. This, indeed, has already been pointed out by liutr. 
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electrolyte, each particle of copper represented by the symbol Cu 
being in combination with tlie particle of snlphion represented by 
SO, immediately beneatli it. Let a a indicate the position of s. 
diaphragm of bladder Beparatiiig two equal quantities of the solu- 
tion which in No. 1 are supposed to be in their normal state. 
Let Ko. 2 represent the same solution after it has undergone 
electrolysis ; an equivalent of copper having been set free at the 
platinode, and one of sulpbion at the zincode. It was not un- 
natural to expect that tliis result would have been attained by 
the transfer of Iialf an equivalent of copper into the division cou- 
tainine; the platinode, whilst half an equivalent of sulpliiou passed 
towards the zincode in the manner represented. Experiment, 
however, shows that such a supposition is erroneous, and that 
the decomposition more commonly happens in the mode repre- 
sented in So. 3, in which case a whole equivalent of the anion 
is transferred to the zincode, leaving a whole equivalent of 
cathion uncombined, at the platinode. Sometimes when the 
oxide of a metal is soluble in water, the transfer of a small quan- 
tity of the cathion takes place towards the platinode, but the 
quantity of the cathion and the anion set free are always in 
eqxiivalent proportions to each other (Daniel! and Miller, I*hil. 
Trans., 1844, p. 16). Acids, whether they be soluble in water 
or not, always travel towards the zincode in proportions lai^er than 
the metals which are united with them pass towards the platinode, 
D'Almeida {Ann. de Chmtie, III. li. 257) attributes these re- 
markable irregularities, which occasion much inconvenience in 
electro-plating, to the development of free acid around the zincode. 
He considers that the acid, owing to its superior conducting power, 
conveys a large proportion of the current, and that the metal is 
then reduced upon the platinode by the hydrogen, at the moment 
of its liberation. He iinds that when the solutions are strictly 
neutral the inequality of transfer is scarcely perceived. Strictly 
neutral solutions of copper and zinc, when decomposed between 
electrodes of copper or zinc respectively, become acid during the 
operation, because the metal at the zincode is not dissolved quite 
so rapidly as it is separated at the platinode, and consequently a 
little free acid accumulates around the zincode, smd occasions the 
irr^ularity in transfer of the ions which we are now considering. 
When a current traverses a saline solution kept constantly acid 
in the zincode cell, whilst the platinode is maintained constantly 
neutral, the salt is transferred unequally, the zincode becoming 
least impoverished ; but if the solution be kept neutral around 
the zincode whilst it is maintained alkaline around the platinode, 
the result is reversed, and the impoverishment of the platinode is 
the least marked. 

This explanation of D'Almeida is confirmed by the subsequent 
researches of Magnus. Hittorf {Fogg. Annal., Ixxxix. 177, and 
xcviii. 1) gives a different, and, as it appears to me, an improba- 
ble and complicated tlieory for the explanation of these results ; 
but his experiments appear to be consistent with tliose already 
quoted. 
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(388) Mleci/rovBCtion^ or Elecirisal Endosmose. — It waa ob- 
served many years ago ty Porrett, -when water was placed in a 
diaphragm appsfratua, one side of which was connected witli the 
positive, and the other side with the negative electrode of the 
battery, that a considerable portion of the liqnid Tfas transferred 
from the positive towards the negative side of the arrangement. 
It liaa since been tbnnd that the same result oceurs in a minor 
degree when saline solutions are electrolysed, and, generally, the 
greater the resistance which the liquid offers to electrolysis the 
^^ater is the amount which is thus mechanically carried over. 
From numerous experiments I have found that in all these eases 
the water carries with it a proportion of the salt which it holds 
in solution. It appeare from the reaearchea of Wiedemann {Pogg. 
Anndl., Ixxxvii. 321), which have been confirmed by those of 
Quincke, that the amount of liquid tranaferred, cmteris paribus^ 
is proportioned to the strength or intensity of the current ; that 
it IS independent of the thickness of the diaphragm by which the 
two portions of liquid are separated ; and that when different so- 
lutiona are employed, the amount transferred in each case, by 
currents of equal intensity, is directly proportional to the specific 
resistance of the liquid. 

This transfer has been minutely studied by Quincke, who 
seems to have explained the steps which attend its production : — 

If a capillary tube, bent into the form of the letter U, filled 
with an imperfect conductor, such as alcohol or distilled water, 
be connected by platiniun wires with the inner and outer coatings 
of a charged Leyden jar, the level of the liquid is raised in the 
negative nmb, and depressed in the positive limb, Tlie quantity 
of liquid which is thus carried over is proportioned to the electro- 
motive power of the arrangement, and is independent of the 
length of the tube : he has also found that the quantity of liquid 
carried over for equal charges is inversely as the square of the 
diameter of the tube. In a tube of one millimetre diameter with 
a single cell of Grove's battery, distilled water rises 0-000061""* 
in the negative tube. 

If oil of turpentine or bisulphide of carbon be substitntod for 
water, and the two platinum wires be connected with the positive 
and negative conductors of the electrical machine, the move- 
ments are revei-sed, the fluid rising in the positive bend. The 
motion of oil of toi-pentine may, however, be revcrecd if the tube 
be lined with sulphur. If a diaphrf^ra apparatus with a porous 
clay septum be used, the essence of turpentine is transferred 
towards the positive electrode, but if a diaphragm of flowers of 
sulphur, compressed between two pieces of silk, be used, the trans- 
fer is towards the negative electrode. It is obvious that this 
transfer is connected with the particular electrical condition as- 
sumed by the containing vessel or diaphragm, in relation to the 
liquid which is set in motion. 

It has been observed by Jiirgensen, that light particles of va- 
rious eolids in suspension in water are transferred in the direc- 
tion opposite to that in which the water is carried under the in- 
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fiuence of the eurrent ; and these motions are diminished hy the 
addition of any salt or other substance which increases the con- 
ducting power of the liquid. 

Into a straiglit piece of capillary tube 0-4"""- in diameter, let 
distilled water eoiitaiiiing a few granules of staxch in suspension 
be placed, and let the liquid be connected with the positive and 
negative conductors of the machine, by means of platinum wires 
sealed into tlie tube. It will then be seen that the granules in 
the centre of the tube pass towards the negative electrode, whilst 
along the sides of the tube is a return current towards the other 
electrode. By increasing the rapidity of the rotation of the 
machine, the central current becomes Increased in rapidity, whilst 
that on the surface becomes slower, and at length the movement 
of the suspended particles is reversed, so that all move towards 
the negative eleeteode. Tlie wider the tube, the more difficult 
it is to produce this reversal of the current of the particles at the 
surface. Solid particles of the most varied description exhibit 
these phenomena, and always in the same order when water is 
employed. Thus, whether linely-divided gold, platinum, copper, 
iron, graphite, quartz, felspar, oxide of manganese, asbestos, 
emery, baked clay, sulphur, lac, silk, cotton, lyeopodium, car- 
mine, quill, jjaper, ivory, air-bubbles, small drop of oil of tui-- 
pentine or of bisulphide of carbon, be used, the phenomena are 
m each case similar. 

If oil of turpentine be substituted for water, the same bodies 
all move, but the motions are now towards the positive electrode, 
with the single exception of sulphur. 

Quincke seems to have found the key to these remarkable 
phenomena. By employing granules of lyeopodium, which are 
sufficiently uniform in size, and very nearly of the same density 
as water, he ascertained by watching their motion under the 
microscope, that the velocity of a particle near the axis of the 
tube is proportional to the intensity of the current. The follow- 
ing is his explanation : — 

The water near the sides of the tube is transferred towards 
the negative electrode, while all the suspended particles are im- 
pelled towards the positive electrode. Tliese two motions are 
effected with a speed proportioned to the intensity of the current ; 
but the water returns along the axis of the tube, as there is no 
other course open to it, and assists the motions of the suspended 
particles. The water on the sides of the tube, on the contrary, 
carries the particles in a direction opposite to that in which they 
are tending. When the intensity of the electricity increases, the 
rapidity with which the particles move increases more rapidly 
than the motion of the liquid, because of the mereasing influence 
of the friction of the sides upon the moving water; so that at 
length a point is reached in which the solid particles move faster 
than the opposing current of the water. 

In these phenomena water acts partly as a conductor, partly 
as an insulator. As a conductor traversed by a current, the cylin- 
der of water on its surface acquires a quantity of free electricity. 
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the density of which varies fi'om one section to another ; but in- 
asmuch as the conducting power of water is imperfect, time is 
required for the communication of the electricity of one particle 
to tlie adjacent particles. N"ow a particle of water near the side 
of the tube becomes positively electric b;^ contact with the glass, 
and its positive electncity tends to move in the same direction as 
the positive electricity of the current ; but since the particle of 
water cannot instantancouely part with its electricity, it is earned 
foi-ward in the direction of the positive current : and these mo- 
tions can only occur in imperfect conductors, whieli retain tlieir 
charge for a sensible time. If a foreign substance, such as a grain 
of starch, be suspended in the water, it becomes negatively elec- 
tric by simple contact with the water, and independently of the 
current from the machine, — water having been shown, by Fara- 
day and others, to become positiyely electrified by friction with 
every substance hitherto tried ; and the electricity evolved by 
contact follows the same law as that produced by friction. If a 
conducting liquid be added to the water, these conditions of the 
development of electricity by contact are altered, and the motion 
of the particles is arrested. 

Oil of turpentine, on the contrary, becomes negative by fric- 
tion and by contact with all substances hitherto tried, except 
sulphur, and consequently tlie direction of the movements is re- 
versed. (Quincke, Ann. de Ckimie, III. Isiii. 479.) 

(289) Secondary RemUs of Eleetrolyais.—1\i& explanation 
already given of the mode in which the oxysalts are electrolysed 
was happily applied by Daniell to the elucidation of the origin 
of the voltaic power, m a combination contrived by Becquerel 
(263), which presents many interesting peculiarities. If a ^porous 
tube iilled with nitric acid be plunged into a vessel contamin^ a 
solution of potash, and the wires of a galvanometer, armed with 
platinum plates, be plunged one into the nitric acid, and the 
other into the alkaline solution, a current will circulate ; oxygen 
will be emitted from the plate immersed in the potash, and 
nitrous acid, owing to the absorption of hydrogen by the nitric 
acid, will be formed around the other plate, whilst nitrate of 
potassium is slowly produced by transudation of the two liquids 
through the pores of the diaphragm. Ey connecting several of 
these cells together in succession, upon the principle of the ordi- 
nary battery, the power may be considerably augmented. The 
decomposition which appears to occur is represented by tbo fol- 
lowing symbols, in which H,^"^^ indicates the nitric acid, and 
K,IIy the hydrate of potash : the position of the brackets above 
the symbols indicates the arrangement before the current is estab- 
lished, whilst, after its passage, the an-angenient is supposed to 
be that indicated by the brackets beneath : — 

B^O, H^, I K^ £jl^. 

It is particularly to be observed tiiat no development of oxy- 
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gen or of hydrogen occurs upon the platinum plates until the 
two plates are united by a conducting wire, and it ceases as soon 
as the conducting communication between the plates is inter- 
rupted : in the latter case the polar aiTangement of the particles 
is interfered with, although the reaction of the hydrate of potash 
upon the nitric acid continues. The secondary action of the 
nitric acid on the hydrogen which is set free is necessary to the 
development of the current. If salphuric acid be substituted for 
the nitric, the hydrogen is not absorbed and no current is ob- 
tained, probably because it is neutralized by the counter cnrrent 
which the accumulation of the hydrogen upon the platinum plate 
tends to produce (264), 

The secondary actions of the voltaic current are often of great 
importance ; they require to he carefully distinguished from its 
pnmary effects. Secondary results ai-e, in some instances, pro- 
duced by the action of the liberated components of the electrolyte 
upon the materials employed as electrodes : thus if a slip of cop- 
per be substituted for one of platinum, as the ziucode of the bat- 
tery, and be immersed in diluted sulphuric acid, sulphate of coi> 
Ser will be formed by the combination of the copper with the 
isengaged sulphioii. At other times, the secondary results are 
manifested by the reaction of the iou upon the liquid in which 
the electrolyte is dissolred, as when the potassium or sodium, set 
free at the platinode in an aqueous solution of its salts, liberates 
hydrogen by its action upon the water; K + HH<?=H+KHt*. 
In the cases just cited, the chemical attractions of the disengaged 
ions are very intense, and the secondary action is exactly propor- 
tioned to the primary, so that it may be employed as a measure of 
the current : but when the tendency to combination is more 
feeble, the proportion of these secondary actions to the primary 
one is greatly influenced by the extent of surface exposed by the 
electrode to the liquid, and the energy of the current, and conse- 
quent quantity of the ion disengaged at once. Generally, the 
slower the action, and the larger the surface of the electrode, the 
more uniform and cornplete is the secondary action. These 
results are well exemplified by Bunsen's researches on tlie isola- 
tion of the more oxidizable metals by the voltaic cuirent. If a 
thin platinum wire be used as the platinode in a solution of chlo- 
ride of cliromiam, to convey the current from 4 or 5 cells of the 
nitric-acid battery, metallic chromium may be obtained without 
difficulty ; but if a plate of platinum be employed, oxide of chro- 
mium, mixed with a certain amount of hydrogen, is liberated ; 
in the latter case the metal has time to decompose the water 
before fresh particles of chromium are deposited upon its surface. 
In consequence of these secondary actions the same element 
may sometimes appear at one electrode, sometimes at the otlier, 
as is seen in the case of niti-ogen : if, for instance a solution of 
sulphate of ammonium be submitted to electrolysis, it yields 
ammonia and hydrogen at the platinode and a mixture of ni- 
trogen with oxygen is set free at the zincode. The nitrogen in 
this case is liberated as a secondaiy result of the combination of 
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a portion of the oxygen witli the hydrogen of the ammonia. If 
nitrate of ammonium be substituted for the sulphate, nitrogen 
appears among the gaseous products at both electrodes, the nitric 
acid being deprived of its oxygen by tlie hydrogen evolved at the 
piatinode, and the ammonia of its hydrogen hy the oxygen set 
free at the zincode. 

If a solution of acetate of lead be employed as the electrolyte, 
the acetic acid undergoes partial decomposition from the action 
of the oxygen upon it at the moment of its liberation at the zinc- 
ode, but at the same time a portion of the oxygen also enters 
into combination with some of the oxide of lead contained in the 
liquid, and, as Warington proved, a deposit of peroxide of lead is 
produced. KobUi, who first observed this phenomenon, found that 
if a polished steel plate be employed in such a solution as the 
zincode to tlie battery (4 or 6 cells of Grove's may be employed), 
the deposit assumes tlie form of a thin film, which exhibits the 
iridescent tints of Newton's scale, — the tints varying according 
to the thickness of the film produced. Other experimentalists 
have modified the patterns which may be obtained by these metal- 
loehrom^s, which have been applied by Becquerel even to the 
imitation of the tints of flowers ; and by varying the strength 
of the battery and of the solutions employed, he has succeeded in 
producing some effects of great delicacy and beauty. Salts of 
manganese or of bismuth may be substituted for those of lead, 
with similar results. 

Many of these secondary actions are very interesting : Kolbe 
has devoted particular attention to the effects of oxjrgen when 
liberated during electrolysis {Proceed. Chem. Soc., iii, 285, and 
Q. J. Chem. SoG., ii. 157). Hydrochloric acid, especially when 
previously mixed with sulphuric acid, is in tliis manner partially 
converted around the zincode into chloric and perchloiic acids ; 
and in an acid solution of chloride of potassium, chlorate and 
perchiorate of potassium are formed. Cyanide of potassium in 
solution, when subjected to the voltaic current, is inlike manner 
converted into the eynate, A concentrated solution of chloride 
of ammonium evolves hydro- ii at the piatinode, but the chlorine 
instead of being liberated at tlie zincode, acts upon the chloride 
of ammonium, and forms oily drops of chloride of nitrogen, which 
explode when touched by the opposite electrode. Smeo has 
sliown that by means of the voltaic current the ferrocyanide may 
be converted into the ferricyanide of potassium, Kolbe has, 
further, ascertained the efi'ect of the liberated oxygen upon 
vai-ious organic compounds, and by submitting valerate of potas- 
sium to electrolysis lie decomposed the valeric acid (HC,H,OJ 
which it contains, and succeeded in obtaining from it a new sab- 
viantx!, valyl {0,ii,)„ (or more properly ietiyl); a new ether, 
{C',H,j(9) teirylic dJier, and a hydrocarbon ((/.H,), apparently 
identical with oil-gas : and by a similar process from acetic 
acid {H^,H,^,) he obtained methyl (fH^),, the homologue of 
tetryl. Particular interest is attached to these researches, owing 
to the circumstance that in each case the compounds obtained by 
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the electrolysis belong to a eeriss related to an :ileoliol different 
from that which was submitted to decomposition. The valeric 
acid thus yields an ether of the tetrylic series ; and acetic acid, 
which is a derivative of wine-alcohol furnishes the hydrocarbon 
which belongs to the wood-spirit series. 

(290) Nascent State of Bodies. — It is obvious, from the power- 
ful effect which oxygen produces at the moment of its liberation 
from compounds during electrolytic decomposition, that such 
oxygen must be in a condition very different from that in which 
it exists when once it has assumed the gaseous form. Oxygen is 
not insoluble in water, and it is therefore possible to bring it jn 
small quantities at a time into chemical contact with salts or 
other bodies which water may hold in solution. Oxygen gas 
may, liowever, be transmitted for an unlimited time tiirough a 
solution of chloride of potassium without effecting the conversion 
of any portion of the chloride into chlorate, or into perehlorate of 
potassium ; and yet, as has been mentioned in the foregoing para- 
graph, this change is easily effected by oxygen as it escapes during 
tlie electrolysis of an acidulated sohition of the chloride of potas- 
sium. But it is not necessary that oxygen should be liberated by 
the agency of the voltaic battery in order that it should acquire 
tills increase of activity. If hydrated protoxide of nickel, or prot- 
oxide of cobalt, be suspended in a solution of caustic potasli, it 
will undei^o no change when subjected to a current of oxygen 
gas ; but if a current of chlorine be substituted for the oxygen, 
flie whole of the metallic oxide will be converted into a brown 
sesquioxide : this change arises from the action of the chlorine 
upon the potash, during which chloride of potassium is formed 
wliilst oxygen is set free, and at tiie moment of its liberation 
attaches itself to the oxide of nickel or of cobalt; 2KH(?4-CI,-I- 
2{iViO,H,0)=2KCl-fiF*,(?„3H,a Other substances besides 
oxygen exhibit this peculiarity, and chemists have long rtKJOg- 
nized the fact, that bodies, when in this nascent state — that is to 
say when in tlie act of liberation from other substances — display 
more energetic attractions than they show when once obtained 
in the isolated form : — For example cyanogen and chlorine do 
not" enter directly into combination ; but if cyanogen at the 
instant that it is set free from another compound, be presented 
to chlorine, the two bodies oombine ; so that if moist cyanide of 
mercury be decompraed by means of chlorine, chloride of cyano- 
gen may be obtained : tiie chlorine removes the mercury step by 
step, s,tiA the cyanogen at the moment of its liberation enters into 
combination with another portion of chlorine. In a similar^ man- 
ner s\ilphur, when set free trom an alkaline persulphide in the 
midst of a solution of hydrochloric acid, combines with hydrogen, 
and forms persulphide of hydrogen, Kj6't-f2HCl=H,'S', + 2KCl, 
the chlorine taking the potassium, whilst the sulphur and the 
hydrogen, both in tlie nascent state, unite to form a new com- 
pound, although their chemical attraction is so slight that this 
compound separates spontaneously into sulphuretted hydrogen 
and free sulphur. The process of double decomposition ia par- 
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ticularly applicable in cases where the mutual attraction of the 
bodies which it is desired to obtain in combination is compara- 
tively feeble. It is not impossible that this superior chemical 
activity of bodies in the nascent state may arise from the fact that 
their particles are individually electrified at tlie moment of their 
separation from a previous state of combination ; and that in tins 
condition they may exert upon the particles of dissimilar con- 
tiguous matter, a force of induction which may be the agent that 
determines their chemical combination : if by a proce^ of dovble 
decomposition the j>articles of both compounds were oppositely 
electrined, combination might be expected to be proportionately 
facilitated : — For instance, if a solution of sulphide of potassium 
and one of chloride of copper be mixed, they will decompose 
each other, the sulphur being negative, will tend to combine 
with the positive copper, and the positive potassium will unite 
with the negative chlorine. If the brackets in No. 1 represent 
the mode in which the molecules ai-e arranged on the instant of 
mixture previous to decomposition, those in Ho. 2 will illustrate 
the arrangement of the molecules after mutual decomposition 
baa been effected :— 

<1) cX Ga ^k: '^^''^^"'^ \ Gi 0a8-K,\ ^^^ 

(391) Tlieory of the Electrical Origin of Chemical Atlrae^on. 
— It has already been remarked (245, 257) that whenever two dis- 
similar substances, electrically insulated, are brought into contact, 
and are separated from each other, disturbances ot their electrical 
equilibrium is produced ; one of the bodies becoming negatively 
electrified whilst the other indicates a corresponding charge of 
positive electricity. It is a well ascertained fact, fiiat certain 
substances, by friction, acquire one kind of electricity more readily 
than the other ; thus, for example, sulphur, when rubbed upon 
flannel or fur, becomes negatively electric, whilst glass, on the 
other baud, most readily assumes the positive state. What has 
been proved to occur when masses of matter are brought into 
contact was supposed by Davy {Phil. Tra,ns., 1807) to happen 
also when the molecules of two dissimilar substances are brought 
within the sphere of mutual activity ; he assumed ' that chemical 
and electrical attractions depend upon the same cause, acting 
in one.case on particles, in the othei' on masses of matter ' {PhU. 
Trams., 1826, p. 389) ; and all the phenomena of chemical attrac- 
tion have been referred to the exertion of mutual electrical 
attraction between the atoms of each substance in the com- 
pound. When, for example, chlorine and potassium are united, 
it is supposed that each atom of clilorine, by contact with an 
atom ot potassium, becomes negatively electrified, whilst the 
potassium becomes positively excited ; a certain portion of the 
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positive electricity from the clilorine uniting with a correspond- 
ing amount of negative electricity which is liberated from the 
potassium, thus producing the lignt and heat which attends the 
combination of tliese two bodies (Berzelius). Supposing each 
atom of both kinds of matter to be associated with equaf quan- 
tities of both electricities, and that the two different eteetricitiea 
be represented by the signs + and — , we may represent the 
potassium and chlorine by symbols ; (~ K +J indicating an atom 
of potassium, and (—01 +) an atom of chlorme. As soon as the 
two bodies are brought into contact, it is supposed that the chlo- 
rine loses a certain amount of positive electricity, whilst the po- 
tassium loses an equal quantity of negative electricity, the change 
being symbolized thus {-f KCl— ) and (H — ), When the chlo- 
ride of potassium is decomposed electioljtically, a quanti^ of 
Eositive electricity is transferied from the positive wire of the 
atteiy to the chlorine, and compensates for that which it has 
lost ; and when this amount of electiicity has been restored, the 
chlorine no longer has any tendency to remain in combination 
with the potassium, and hence it la set free upon the positive plate, 
whilst a simultaneous transfer of negati^ e electricity to the potas- 
sium occurs from the negative plate and tlie alkaline metal is 
therefore liberated upon the negative side of the arrangement. 
The electricity which is set free by the battery is snpplied by the 
action of the sulphion upon the zinc, in the cells of which the 
battery consists. 

The remarkable law discovered by Faraday, that the same 
current of electricity when transmitted successively through 
various electrolytes, decomposes each in the proportion of their 
respective chemical equivalents (283, 4) adds greatly to the pro- 
bability of the supposition that electrical and chemical pheno- 
mena are due to different manifestations of the same agent. So 
strong was Daniell'a conviction upon this point, that he applied 
the term current affmiy to the voltaic current ; since by means of 
the proper appUcation of conductors, or channels for the force, the 
chemical attraction of a portion of zinc and sulphuric acid at one 
point could be transferred to a distant spot, and could there be 
made to effect an equivalent amount of chemical decomposition 
upon a different compound. The chemical equivalent of any sub- 
stance upon the electro-chemical theory, is that quantity of each 
body which is associated with an amount of electricity equal to 
that associated with a given weight of some substance, such as 
hydrogen, which is selected as the standard of comparison ; the 
proportion of electricity which is associated with a given weight 
of any substance being inversely as its combining proportion. 
Assuming the specific electricity of hydrogen to be represented 
by the arbitrary number 1000, the following is given by Daniell 
{tvirod. to Chem. Phil. 2nd Ed. p. 687) as an approximative table 
of the specific electricity (or quantity of electricity associated with 
equal weigUs) of a few of the more important elements and com- 
pounds : — 
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Sulphuric Acid 
Nunc Acid 
Chloiu ALid 


26 
40 
64 
76 6 















Iiigenions, however, as lo the elect, icil theorj of chemical at- 
traction, it mast be admitted that it la tar from being free from 
objection and diiBcnlty when it is attempted to apply it to all 
cases of chemical action. It has been already stated that a very 
large number of bodies exist which are not susceptible of eleetro- 
lysis.i^ Indeed, the chief elates of electrolytes are : 1, binary 
compounds of the non-metallic elements with the metals, such as 
the oxides, chlorides, iodides, bromides, and fluorides ; 2, com- 
pounds of bodies like cyanogen with the metals, such as the 
cyanides and the sulphocyanidMS ; and 3, compounds of the 
metals with the radicles of the oxyacids, such aa the nitrates, 
sulphates, borates, carbonates, acetates, tartrates, &c. Now, so 
long as a compound consists of two elements only, if it be decom- 
posed at all, there is no difficulty in anticipating the result of the 
voltaic action ; — the electro-negative element will appear at the 
zincode, and the electro-positive element at the platinode; yet 
there are binary compounds which are not electrolysable, such, 
for instance, as pure water, and chloride of sulphur. If their 
particles be united by electric opposition, why should they not 
yield to the current ? In the case of more complex bodies, such, 
for example, as nitrate of silver, or borate of lead, it is not possi- 
ble, dpnori, to say how the compound would yield under the 
electric influence. It is quite clear in the case of salt, that the 
jwwer which liolds together the two ions of the salt in the foim 
of two iso-electric groups (or groups of equal electric energy), 
must be of a different order from that whicli holds the elements 
of its component ions in combination. The tie which binds 
together nitrate of silver as AffjNO,, must be of an order different 
from tliat which unites the elements of nitrion (SO,) together. 
Sulphate of sodium, again, as an electrolyte is separated into N\ 
and SO,. But neither nitrion nor sulphion can exist in the sepa- 
rate form ; how can they become associated tinder electric innu 
enco ? Again, {SO,) sulphuric anhydride, is not an electrolyte 
when fused : the same thing may be said of fused boracic anhy- 
dride ; and examples of this kind might be multiplied almost 

•AverjunmeroHS series of Grore's battery, amounting to 900, and in some inslancea 
even lo 9B0 pairs, produceil in the experiments of Lapoohiu and Tichanowitach no effect 
on absolute alcohol, ether, ralerie acid, oil of lurpentice, biaiqlphide of carbon, and fused 
botadc anhydride; fousekiil was scarcely acted on. 



„Google 



128 ELECTEOTYPK, OK TOLTATYPE. 

■without limit. "Wiiy, if chemical attraction be due to the exer- 
tion of electric action, should certain hodies he readily decom- 
posahle hy the voltaic current, and why should others of less 
complex composition resist it entirely ? At present, no hint ap- 
pears to havo been given which offers any clue to the solution of 
these questions. 

Practical Applications of Eleotrolytic Action. 

(292) Electrotype, Ydtatype, or Galv<mo-Flastics.—^\iOTi\y 
after Daniell had invented his constant battery, he observed^ that 
■when copper was deposited upon a plate of platinum, it furnished 
a coherent sheet in -which the lines and irregularities on the sur- 
face of the platinum were faithfully reproduce<l upon tlie deposit- 
ed copper ; but he made no practical application of the observa^ 
tion. -In the year 1839, Jacobi, of St. Petersburg, announced 
Oiat he l)ad discovered a method of making exact copies of a 
metallic snrface in copper by means of tlie voltaic batterj^ and 
shortly afterwards Messrs. Spencer and Jordan, -who had each 
independently arrived at a similar result, pnblished the methods 
which they had employed for the attainment of this object. The 
processes thus disposed were so simple and easy of execution, 
that they were immediately repeatedT with success ; and in the 
following year Mr. Elkington in England, and M. Kuolz in 
France, began %q apply the voltaic battery on an extensive scale 
lo the arts. of plating and gildnvgil. Since this period the voltaic 
battery has been most extensively employed as a means of de- 
positing not only copper, gold, and silver from their solutions, 
but zinc, tin, and lead, and occasionally platinum and nickel : 
many other metals liave also, for particular purposes, been re- 
duced from their salts by its means. 

For the dep(Bition of metallic copper, a solution of the syl- 
phate of this metal is emplcfyed, but the mode of using it varies 
with the object in view. Supple that it be desired to obtain a 
copy of an engraved copper plate : a wire or slip of copper hav- 
ing been soldered to the plate for the purpose of facilitating its 
connexion witli the battery, the back of the plate is covered with 
a resinous varnish, by which means this surface is electrically in- 
sulated from tlie solution, and it is thus protected from any de- 
posit of reduced metal. The plate thus prepared is connected 
with the negative electrode of a voltaic battery, consisting of 3 
or 4 of Smee's or Baniell's cells, and immersed vertically in a 
bath consisting of a saturated solution of sulphate of copper. A 
sheet of copper, equal in size to the one to be copied, is suspend- 
ed parallel to the latter in the liquid, and connected with the 
positive electi-ode of the battery ; an immediate decomposition 
of the solution ensues ; metallic copper is deposited upon the en- 
lire sui-face of the negative plate, in the form of a coherent, con- 
tinuous sheet, and a nearly corresponding amount of copper is 
dissolved from the positive plate, so that tlie liquid remains con- 
stantly ehai^ -with a quantity of sulphate of copper, approxi- 
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matively equal to that originally employed. At tlie eommenee- 
ment of the operation, care must be taken to ascertain that the 
deposit occors uniformly over the whole surface of the negative 
plate, for if any portion of it be soiled by grease or resinous raatr 
ter, the copper will not be thrown down upon those parts : when 
once the deposition haa commenced uniformly, it goes on without 
difficulty. If tlie plates be suspended vertically, the solution 
should be frequently imitated, for unless this precaution be taken, 
the liquid around the negative plate becomes impoverished, whilst 
that around the positive plate becomes unduly saturated with 
the copper salt (287) ; currents are then produced in the liquid, 
owing to its unequal density, and they occasion the formation of 
vertical mxDoves and striae upon the back of the sheet of deposited 
metal. This inconvenience is sometimes obviated by supporting 
the two plates in the bath in a horizontal position, the negative 
plate being undermost ; the positive plate must in this case be 
enveloped in flannel, in order to prevent the small particles of 
metal, which are constantly being detached from it, from falling 
upon the lower plate, and interfering with the regularity of the 
deposition. 

The deposit varies in hardness and coherence according to the 
number of cells employed in the battery, the relative size of the 
plates of the battery and those of the depositing cell, and the 
temperature and degree of concentration of the solution. The 
more slowly the action takes ])laee, if the solution be concen- 
trated, the harder and more crystalline is the deposit. By modi- 
fying the power of tlie battery, and the strength of the solution, 
in the manner which experience soon indicates, copper may be 
obtained of any desired degree of tonglmess. 

When the deposit has acquired the necessai-y thickness, it 
must be detached at its edges from the original plate, and can 
then be stripped oif without difficulty. Tlie thin film of ojdde, 
or of other adhering impurity, derived from the exposure even of 
a freshly deposited copper plate to the air for a few hours, is 
sufficient to prevent too intimate an adhesion between the plate 
and t)ie deposit. In the electrotype thus obtained, the lines 
which are cut away upon the surface of the original plate are 
represented in relief in the copy, and if a fac-simile of the en- 
graving be desu-ed, a new deposit must be formed upon the copy 
Sius procured ; in this second transfer, an exact duplicate of flie 
original engraving will be presented. Many large and valuable 
copper plates, amongst which are some of those engraved for the 
Art Union, have been thus multiplied with success. So faithfully 
does the deposit reproduce all irregularities upon the surface of 
the matrix on which it is deposited, that by its means copies of 
daguen-eotype plates have been obtained, in which the original 
design ia accurately ti'ansfen-ed to the deposit of copper, without 
destroyingthe original impresaion, 

(393) r'reparation of Moulds for Electrotypim^. — In copying 
medals or other works of art, it ia frequently necessary to employ 
casts of the objects, instead of the original objects themselves, 
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wMeli miglit bo liable to injury by iminersiori in the metallic 
solution. These casts may be made in fusible metal, or in 
Btearinc, in plaster, or gutta percba. Gore {Pharm. Journal, 
July, 1855) recommends a mixture of 2 parts of gutta percba and 
1 part of marine glue ; tbe materials arc to be cut up, and the 
glue melted at a gentle beat and incorporated with the gutta 
percha. The paste is to be applied while soft, with a pressure 
gradually increasing, to the surface of the medal, or other object 
which it is desired to copy. In certain cases an impression of 
the object to be copied is obtained in sheet lead by the applica- 
tion of strong pressure. In every instance before proceeding to 
effect the metalbc deposition, the back of the motdd, if made of 
metaJ, or of a conductor of electricity, must be coated with a 
resinous varnish, or with some non-condueting matter. "When 
moulds of plaster of Paris are employed, they must be rendered 
impervious to moisture by immersion iu melted wax or tallow ; 
after which the surface to be copied is endued with tlie power of 
conducting electricity, by applying iinely-powdered bfaek-lead, 
of good quality, to the surface by means of a brush ; taking care 
that every portion of the surface to be copied is completely coat- 
ed by it. The east is then connected with the negative wireof 
tlie battery by means of a strip of sheet lead, or a copper wire, 
which is in electric contact with some portion of the black-lead 
surface. Impressions of seals in seaHng-wax, stamps in relief 
upon pasteboard or paper, and the engraved blocks used for 
wood-cuts, after they have been thus rendered conductors upon 
the surface, may be electrotyped with facility. Even glass may 
be rendered a conductor by the use of one of the methods of de- 
positing silver upon its surface. Leaves, flowers, fruits, and in- 
sects have also been coated -with copper, or with silver, by the 
electrotype process. A mode of producing a conducting surface 
upoa these articles, due to Capt. Ibbetson, consists in immersing 
them in a weak solution of phosphorus, either in bisulphide ot 
carbon or in ether, allowing the solvent to evaporate from the 
surface, and then plunging tlie objects hito a solution of nitrate 
of silver ; the phosphorus left upon the surface reduces a very 
thin film of silver upon tbe superficial portions of the objects, 



eceive tne deposit irom tue oatteiy, 
if they be properly connected with the negative wire, and sub- 
mitted in a metallic bath to tbe action of the electric current. 
Steel plates cannot be copied by inimerelng them in a bath of 
sulphate of copper, because the steel and the sulphate a«t chemi- 
ealTy on each other, and thus the engraving would be destroyed. 
This difficulty has been overcome by electrotyping them first in 
silver, which can he deposited upon the steel without injury, and 
upon this silver matrix a copper fac-simile of the original plate 
can afterwards be obtained. 

For theelectrotyping of small objects, such as coins or medals, 
it is not necessary to use a separate voltaic battery, since the 
depositing cell itself may, in the following manner, be converted 
into a voltaic couple of sufficient power to decompose the sulphate 
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of copper : — Let a glass cylinder, such as the chimney o£ an 
argand gas-burner, be closed below by a plug of plaster of Paris, 
and be supported in a vessel containing a solution of sulphate of 
copper, in whicli the mould or the medal to be copied is support- 
ed by a metallic wire ; let the inner tnbe be filled with sulphuric 
acid diluted with 10 or 13 times its bulk of water, and let an 
amalgamated zinc rod be placed in its axis. If this zinc rod be 
connected with the wire proceeding from the mould of the medal 
to be electrotyped, copper will be deposited upon the surface of 
the mould. The apparatus in fact constitutes a cell of Dapiell's 
battery, with a trifling modification in its form. The solution of 
copper should be mamtained nnilbrmly saturated with sulphate 
of copper, by suspending crystals of the salt in the upper part of 
the liquid. 

(294) Eleetro-zinoing. — Zinc may be deposited from its sul- 
phate on the surface of iron, by processes similar to those used 
for sulphate of copper. The operation requires but a feeble cur- 
rent, and admits of being performed upon a very large scale : the 
iron links of the Hungerford suspension bridge, which were 
passed into the abutments on the side of the river, were success- 
fully submitted to this operation ; each of those links is 2i feet 
in length, and of proportionate width. 

It is not possible, however, to obtain coherent plates of all 
the metals with the same facility as is the case with copper and 
zinc. Many of the metals are thrown down from their solu- 
tions in a crystalline form, whether tbe deposition be effected 
rapidly or slowly. Silver is separated thus from its nitrate, and 
lead exhibits a similar deportment when the acetate or the 
nitrate of this metal is electrolysed. Gold and platinum do not 
give coherent plates when solutions of the chlorides of these 
metals are submitted to voltaic deposition. Lead_ may be 
deposited upon iron from a solution of oxide of lead in potash ; 
and a solution of oxide of tin in potash may be used to obtain 
coherent plates of tin by electrolysis. In like manner ammonia^ 
cal solutions of the salts of cobalt and nickel may be employed to 
furnish electrotype plates of these metals. In some cases, how- 
ever, when a simple salt fails to give a satisfactory result, the 
effect may be obtained by the employment of certain double salts 
of the same metal with potassium or with sodium : thus the 
double cyanide of gold and potassium is largely employed for gild- 
ing, and the correspondmg salt of silver is extensively used in 
electro-silvering. 'In gilding, silvering, and zincing, one great 
desideratum is to obtain a firm adherence between the newly 
deposited metal and the object to be gilt or plated ; the surface 
of the metallic object is therefore first rendered chemicaUy clean, 
a result which is carefully avoided in the process of electrotyp- 
ing. In the latter case it is uBual to expose the object, if freshly 
polished, to the atmosphere for 24 hours before placing it in the 
depositing cell, in order to prevent permanent adhesion. 

(295). Electro- Plating— 'Y\\G metals upon which an adherent 
coating of silver is most readily deposited are brass, copper, 
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bronze, und German silver ; hut it may also be effeeted on steel. 
Tiie articles to be plated are cleansed from adhering greasy 
matters either by boiling them in a weak alkaline solution, and 
then -washing ; or they are heated to low redness in a muffle : 
in either case they are next dipped into diluted nitric acid for the 
purpose of removing any adhering film of oxide. They are then 
brushed with a hard brush and some sand ; and having been 
rinsed from adhering impurities, and separately attached to a 
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copper wire, they are again dipped for an instant into nitric 
id, waahed, and immersed whilst still wet in the s 




lilvering bath. 
; represent a plan of this batli, and c z the voltaic 
batteiy ; the copper wires attached to the arti- 
cles to be plated are twisted round the rods p 
p p, which are connected with the negative 
wire of the battery, whilst the positive wire is 
connected with a series of silver plates, z z z, 
which are also immersed in the silvering li- 
quid. This solution is commonly prepared by 
dissolving cyanide of silver in a solution either 
of cyanide or of ferro-cyanide of potassium. 
Solutions containing liyposulphite or sulphite 
of silver are occasionally employed. In order 
to prepare the silvering bath, a solution of ni- 
trate of silver may be precipitated by the ad- 
dition of cyanide of potassium so long as it 
E reduces a precipitate : this precipitate, after 
aving been washed by decantation, is dis- 
solved in a solution of cyanide of potassium. 
An excess of cyanide of potassium is requisite ; at least 3 parts of 
cyanide of potassium being employed for 1 part of cyanide of 
silver,* A solution which contains j\ of its weight of silver is 
found to be of a convenient strength for ordinary operations. 
When cyanide of potassium is used in the bath as a solvent, the 
solution gradually becomes alkaline from the formation of car- 
bonate ofpotassium, which accumulates in the liquid and inter- 
feres with the regularity of the decomposition : but if cyanide of 
calcium be substituted for the cyanide of potassium, this incon- 
venience is obviated, since carbonate of calcium is formed, and 
owing to its insolubility, it sinks to the bottom of the bath as 
fast as it is produced. The articles when plated have a dead 
white or chalky surface, but they may be burnished by pressure 
if desired, and they then assume the brilliant lustre of polished 
silver. It is remarkable that the addition of a very small pro- 
portion of bisulphide of carbon to the batli causes the deposited 
silver to assume the lustre of the polished metal, f The amount 

* If ferroejanide of potaasinm be used as a solvent of the cjanido of silver, 10 parta 
of this salt are required for the BoluUon of 1 part of ejanide of silver. 

f In order to efi^ this object, 6 ounces of bisulphide of carbon are directed to be 
agitated with 1 gaUon of the plating liquid, and set aside for 24 bours. Two ounces of 
the liqnid thus obtained, are to be added over night to 20 gallone of the ordinary plating 
liquid ; the bath is ready for use next momir^. This addition of the solution of the 
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of silver -whicli is deposited can be regulated very aeeurately by 
weighing the articles before immexsioii, and weighing them again 
afterwards. A deposit of from 1^ ounce to 1^ ounce of silver to 
a square foot of the plated surface answers well in practice ; the 
sheet of silver under these circumstances being of about the 
thickness of ordinary wi-iting paper. The solution must be fre- 
quently stirred in order to preserve the liquid of uniform density 
and composition throughout. 

The batteries used at Birmingham for gilding and silvermg 
are in general simply plates of amalgamated zinc opposed to 
plates of copper in dilated sulphuric acid : the plates are so ar- 
ranged that they can bo readily raised or lowered in order to ex- 
pose a smaller or larger surface to the action of the acid. The 
superficial area, and number of the plates nsed, are made to vai-y 
according to the size and nature of the objects to be operated 
upon, "ftie workman judges from experience as to the number of 
pairs to be employed ; it seldom happens that more than two or 
three pairs of plates are needed. In Paris, Bunsen's carbon and 
zinc batteries are also employed with success in these operations. 

(296) EUaf^o-GUding and Flatinising.—lt is possible to gild 
most of the ordinary metals by voltaic action. Articles which 
consist of brass, bronze, copper, or German silver are first an- 
nealed, \h^nvic]ded, as the operation of immersing them into the 
mixture of diluted nitric and sulphuric acids is termed, after 
which they are scrubbed and " dipped " in strong nitric acid, and 
then rinsed in water, aa is practised in preparing them for plat- 
ing. Silver articles are cleansed in a similar manner, but they do 
not require to be " dipped." Iron and steel may be gilt by cleans- 
ing them from grease, first with potash, and then by dipping in 
nitric acid, and scouring the surface with burnt clay finely sifted, 
in order to remove the black stains produced \ij^ the liberation 
of carbon. A more powerful current is required for gilding upon 
iron than upon the metals previously mentioned. 

The gilding bath most usually employed consists of cyanide 
of gold dissolved in cyanide of potassium. It niay be prepared 
by dissolving gold in aqua regia, and adding cyanide of potas- 
sium to the diluted liquid so long as it produces a precipitate ; a 
brisk effervescence accompaniis the action, and a yellow deposit 
of protocyanide of gold (AuCy) is formed : the clear liquid is de- 
canted, and the precipitate is'redissolved in a solution containing 
between 7 and 8 parts of the cyanide of potassium to 1 part of 
gold : the solution is then diluted until 100 parts of the liquid 
contain 1 part of gold. 

M. liuolz lias sho^vn that various otlier gilding baths may be 
used instead of the double cyanide of gold and potassium : for 
example, he finds that the cyanide ol gold may be employed 
when brought into solution by the ferrocyanide, or by the ferri- 

bisulphWe requires to be renewed daily, to make up for the loss of the Ijiauliihide of 
carbon by CTaporation. Much care is required m the use of such a solution, for it is 
liable to' cbangea which are produced by very shght modiflcationa in tbe mode of 
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cyanide of potassium ; he has also used witli success the double 
sulphite of gold and sodium, the solutioa of the double chloride 
or iodide of gold and sodium with an excess of soda, and even 
the sulphide of gold dissolved in a solution of protosulphidc of 
potassium. 

Ab yet the deposition of platinum by voltaic action has not been 
practised to any considerable extent, but it is said that a solution 
of the double chloride of platinum and potassium in caustic 
potash may bo appliefl to this purpose witli tolerable success. 

(297) Jiesemhlances hetween the Electricity of the Machine and 
that of the Voltaic Batter^y, — Notwithstanding the extremely 
brief duration of the discharge from the electrical machine, it 
produces, while it lasts, phenomena similar to those of the voltaic 
current, which, indeed, may be regarded as a succession of dis- 
charges repeated so frequently aa to become continuous. By 
repeating the discbarge from the electrical machine many times 
through tbe same liquid conductor, Faraday was enabled to ob- 
tain true electrolytic decomposition. The following simple ex- 
periment may be adduced as an illustration of this fact : — Upon a 
plate of glass place a small piece of turmeric-paper, moistened 
with a solution of iodide of potassium which has been mixed with 
a little starch ; upon one end of this piece of paper allow tlie 
point of a fine platinum wire to rest, the other end of the wire 
being in communication with the prime conductor of the uiacliine ; 
on the other extremity of tiie paper place a similar wire in com- 
munication with the earth : it will be found on setting the 
machine in action that, after the lapse of one or two minutes, a 
small blue s^ot will appear round the point of iha wire connected 
with the prime conductor, owing to the liberation of iodine ; 
while round the wire which communicates with the earth a 
brown spot will be formed, from the action of the alkali which is 
set free. If the wires, instead of being connected through the 
medium of iodide of potassiiim be made to dip into a drop of a 
solution of sulphate of copper, metallic copper will be deposited 
on the wire connected with the earth, and oxygen and sulphuric 
acid will appear on the other wire. If a piece of litmus or 
turmeric-paper, moistened with a solution of sulphate of sodium, 
be supported on a thread of glass between two wires, one of 
which proceeds I'roni tlie prime conductor, whilst the other is in 
commimication with tlie earth, the saline solution in the paper 
will be decomposed by the electricity, even although tiie paper 
does not touch either of the wires : the litmus-paper on the side 
towards the prime conductor will gradually be reddened, whilst 
tlie turmeric-paper will be turned brown at the extremity which 
is furthest from the prime conductor. 

The quantity of electricity which is required to produce 
chemical decomposition is very great. The fact is strikingly 
illustrated by a comparison which was made by Faraday between 
the amount of electricity which is developed from the machine 
by friction and that which is famished by the chemical action of 
the battery. The experiment was perfoi-mcd in the following 
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manner :— A M'ire of platimim and another wire of zinc, each 
■Jy of an inch in diameter, were immersed j% of an inch apart, to 
a depth of f of an inch in an extremely dihite acid liquid, pre- 
pared by adding a single drop of oil of vitriol to four ounces of 
water. The current obtained from this combination, at a tem- 
perature of 60° F,, was transmitted through the coil of a galva- 
nometer consisting of IS feet of copper wire j\ of an inch thick. 
It produced in about three seconds as great a deviation of tht 
needle as was obtained by the electiicity furnished by thirty turns 
of a powerful plate-machine in excellent action. This quantity, 
if concentrated witliin a space of time constituting only a minute 
fraction of a second, by discharging it in a sin^e flash from a 
Leyden battery, exposing 3500 square inches of coated surface, 
would have been sufficient to kill a small animal, such as a cat 
or a rat ; but the chemical action upon the zine by which it was 
produced was so trifling as to be quite inappreciable ; and it is 
estimated by Faraday that not less than 800,000 discharges, each 
equal in quantity to this, would be required for the decomposition 
of a single grain of water I Extraordinary aa this estimate ap- 
pears, it has been amply confirmed by later experiments of Bec^ 
querel upon this subject ;jand from the experiments of Weber, 
it may be calculated that, if the whole of the positive electricity 
required to decompcse a grain of water were accumulated upon a 
cloud 1000 metres (3281 foet) above the surface of the earth, the 
atti-active force exerted between the cloud and the portion of 
earth beneath it woidd be equal to 1497 tons t 

(298) Dduo's Dry Pih. — The relation between the electricity 
of the voltaic battery and that of the ordinary electrical machine 
admits of being traced in an interesting manner by intermediate 
steps. Delue, soon after the discovery of the voltaic pile, con- 
trived what he termed the dry pile. Zt may be constructed in 
the following manner : — Take a number of sheets of paper, one 
surface of T,vnich has been coated with gold or silver leaf, and 
paste upon the coated surface a sheet of zinc foil ; when sufflcient- 
ly dry, place several of these sheets of paper one over another, 
the zinc faces all being arranged in one direction ; then cut out, 
with a puncli, a number of circular disks, and arrange them in a 
glass tube, the diameter of which is I'athcr greater than that of 
the circular disks of paper, to the number of 2000 or upwards, 
taking care that all the zinc surfaces are in one direction, and all 
the silvered or gilt surfaces in the opposite direction. A pile 
analogous to Yolta's will thus be obtained ; and if these disks be 
pressed together and connected at each end with a metallic wire, 
such a pile will cause divergence of the leaves of the gold-leaf 
electroscope when one extremity of it is made to touch the cap 
of the instrument, whilst the other end is connected with the 
earth, either through the human body or by means of any other 
conductor. If the pile be reversed, and then presented to the 
still diverging electroscope, the leaves will first collapse, and will 
then immediately open with the opposite kind of electricity. In- 
deed, if the wires attached to the two extremities of the pile be 
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bent round and made each to terminate in a araall metallic disk, 
the two disks being placed at a distance of about an inch and a 
half from each other, care being taken to maintain their insula- 
tion, an insulated slip of gold leaf suspended midway between the 
two disks will oscillate backwards and forwards between them, 
if an impulse be first given to it towards either side : — suppose it 
to approach tho positive plate, it acquires a positive charge ; it 
is then repelled from the positive plate, but it is attracted by the 
negative plate, when it gives up its positive charge and becomes 
negatively electrified, in which state it is again attracted by the 
positive plate ; this alternate movement of the gold leaf will con- 
tinue unmterruptedly for months or even years.* With a dry 
pile, which contained 20,000 pairs, or disks, of zinc and silver 
paper, sparks have been obtained, and a Leyden battery has been 
charged sufiieiently to produce shocks. It is worthy of remark, 
that these actions are produced in Deluc's column only when the 
paper contains that amount of moisture which is found in it under 
ordinary circumstances, and which is considerable, although it 
usually passes unnoticed. If the paper be artificially dried, the 
pile loses its activity, but again recovers its energj' as the paper 
reabsorbs moisture from the air. Provided that the two extremi- 
ties of the pile be insulated from each other, it will retain its ac- 
tivity unimpaired for years ; but if the ends he permanently con- 
nected by means of a good conductor, the zinc becomes gradually 
oxidized, and the electrical effects disappear. 

Zamboni obtains a more effective instrument by substituting 
finely-powdered peroxide of manganese for the gold or silver leat 
One surface of the paper is coated with zinc or tin-foil, and the 
coating of peroxide may be given to the other surface either by 
rubbing it on in a dry state, or by applying it in admixture with 
water to wliich a little honey has been added. The paper disks 
are arranged in a column, and are terminated at either extremity 
by a metallic plate. Tliese metallic plates are made to compress 
the paper disks by means of ligatures of silt which pass from end 
to end of tlie pile and bind the disks firmly together ; whilst 
effectual insulation is provided for by giving the pile a non-con- 
ducting coat of sulphur, which is easily applied by a momentary 
immersion of the whole instrument in a bath of melted sulphur. 

(299) Waler Battery.— It has been already stated (259) that 
even with a single pair of zinc and copper plates excited by di- 
luted acid, polarization and electric tension may be proved to 
precede the voltaic current, though the experiment is one of con- 
siderable delicacy. These effects of tension are strikingly exhib- 
ited in the ease of Delue's pile ; but they may be shown in a 
maimer sfiJl more decided by employing a numerous series of 

• Bohnanberger has contrived an eitremelj aansitive electroscope, nhich depends 
upon a modificatiOQ of tMs eiperiment. Midway between the two insulated terminating 
diska of Delue'a pile, he Bnspenda a angle strip of gold leaf b j a metallic wire from an 
insulated plate of metal ; this gold leaf, however, ia not near enough to either disk to 
touch it. If a body with the feeblest electrical charge ia made to touch the msulated 
plate, the gold leaf becomes electric, and is attractecl towards the oppoEitely electrified 
pole of tbepile. 



„Google 



WATER BATTEKT. 137 

alternations of zinc and copper, each of wliicli need expose only 
a very small surface, and may be excited simply with distilled 
water. Such an arrangement or water haitery, consisting of a 
thousand couples, produces, if insulated, and connected at each 
of its extremities with a gold-leaf eleetroseopo, considerable di- 
vergence of the leaves of each instrument, ouch a battery will 
communicate a charge to a Leyden battery : this charge, though 
it rises only to a small extent, may be renewed and discharged 
for an indefinite number of times in very rapid succession. The 
wire which is connected with the last zinc plate of this battery is 
negative, whilst that which is attached to the copper is positive. 

Gassiot {PhU. Tra/ns., 1844, p. 39) has given an account of a 
very powerful and carefully constructed water battery, from 
which he obtains results of great interest. This battery was com- 
posed of 3520 pairs of copper and zinc plates, arranged in sepa- 
rate glass vessels, covered with a coating of lac varnish ; the 
glass cells were supported on slips of glass thickly coated on both 
sides with shell-lac, and these glass plates were insulated on var- 
nished oaken boards, each board being further insulated by rest- 
ing on thick plates of glass similarly varnished. All these pre- 
cautions were found by experience to be necessary in order to 
preserve the insulation. When the conducting wires of this bat- 
tery were brought within j'^ of an inch of each other, sparks were 
obtained, and when the wires were made to terminate in brass 
disks which were brought very near each other, a rapid succession 
of sparks was maintained, which on one occasion continued with- 
out interruption for hve weeks. A permanent deflection of the 
galvanometer was obtained when this instrument was included in 
the circuit whilst the sparks were passing ; under shnilar circum- 
stances, paper moistened with iodide of potassium and included 
in the circuit, speedily gave indications of the chemical decompo- 
sition of the iodide. The diemical eft'ects produced by the water 
battery are, however, always feeble, but they are similar in kind 
and in direction to those which are obtained when acids are em- 
ployed as t!ie exciting lic[uid ib the cells ; and the principal effect 
that would be obtained if diluted acid were substituted for water 
in such a combination would be an increase in the quantity of 
electricity, by increasing the consumption of zinc and the chemi- 
cal action in each cell in a given time. The intensity of the 
charge would be increased by the change of the exciting liquid, 
in proportion as the electro-motive force in each cell was aug- 
mented when compared with the resistance offered by the liquid 
employed in charging the battery. Keither in the water battery 
nor in any other form of battery is the intensity, as measured by 
its power of overcoming resistance to conduction, increased by 
increasing the size of the plates. 

It thus appears, 1. That by voltaic arrangements electricity 
may be obtained, exactly similar to that developed by the com- 
mon machine, in its eff^s of tension and induction towards sur- 
rounding objects, in the polar character of its action, and in the 
opposite nature of the electricities accumulated at the extremities 
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of the apparatus. 2. Tliat the quantity of electricity obtained by 
voltaic action is almost immeasurably greater than tliat procured 
by friction ; but that unless its intensity be exalted by using a 
very numerous series, it does not pass so readily through non-con- 
ductors in the form of sparks, as the electricity of the common 
machine. 3. That, on the other hand, by allowing the electricity 
of the machine to discharge itself gradually through very small 
masses of imperfect Hqaid conductors which are susceptible of 
electrolysis, true electrolytic action may be produced. 

The identity of the two forces under these different degrees 
of intensity no longer admits of question : in the voltaic action 
the quantity is gj-eat, but the intensity is feeble ; whilst in the 
electricity of the machine the reverse is the case, the intensity is 
very high, whilst the quantity is extremely small. 

§ IV. Electeo-Magnetism. 
(300) Law of Electro-Magnetic Action— Tangent QcHvanomdffr. 
— ^Tlie influence of an electric current upon a freely suspended 
magnetic needle has been already point&i out (353), but it mil 
be needful to examine the nature of the connexion between mag- 
netism and electricity somewhat more closely. MIere electricity 
of tension, or electricity in a state of rest, has no influence upon 
a magnetized bar. It is only when the electricity is in motion 
that this magnetic action is excited. It has ab-eady been ex- 
plained {353) that the direction in which a magnetic needle is 
deflected depends upon the direction of the current ; and it has 
been stated that when the needle points north and south, and a 
wire is placed parallel to the needle, if the current flow from 
south to north above the needle, the north end of the needle will 
move westward. The power which the wire exerts upon the 
needle is inversely as the distance of the wire from such needle. 
„ J29 (301) For measuriug the 

force of the current, galva- 
nometers of various ^^aaa 
have been employed. fWlien 
the power is extremely fee- 
ble, the astatic galvanometer 
(fig, 200,) is wd! adapted to 
the pui-pose, but in this form 
the value of the angular de- 
viation requires to be experi- 
mentally determined for each 
instniment. When the cur- 
rent has a greater degree of 
power than can be conveni- 
ently estimated by the asta- 
tic combination, the tangent 
hanometer is frequently 
employed. This instrument 
is simple, both in constmction and in principle. The conductor, 
w), fig. 229, wliich is used for conveying the current round the 
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needle, coiisi&ts of a single coil of thick copper wire, bent into a 
circle of about one foot in diameter. It is supported vertically 
in a small table, t ; the extremities of the wire, which are con- 
nected with the battery, are covered with silk, and pass vertically 
dowmvards, side by side, close to each other, for some inches ; 
they are thus situated in the same plane as the coil, and in the 
direction of a prolongation of its radius. The object of this ar- 
rangement is to prevent this portion of the wires from exerting 
any" influence on the needle. Within the circle, w, a magnetic 
needle about an inch long is suspended by fibres of unspun silk, 
c, over a copper plate graduated to degrees. In order to enable 
the movements of the needle to admit of more accurate measure- 
ment, its apparent length is increased by fastening a piece of fine 
copper wire to each end. This an-angement is j>rotected from 
currents of air by means of a glass shade. The point of suspen- 
sion of the needle is made to coincide accurately with the centre 
of the circle formed by the conducting wire : at a is a sci-ew for 
raising or lowering tlie needle. When the instrument is placed 
exactly in the magnetic meridian, the needle, under the influence 
of the directive action of the earth's magnetism, assumes a posi- 
tion parallel to the diameter of the circle. On transmitting the 
current throiigh tlie wire, the needle receives an impulse which, 
if it were free from the inductive action of the eai-th, would place 
it exactly at right angles to tlie coil : owing, however, to the in- 
fluence of the earth, the needle is unable ever really to assume 
this petition ; but it takes one which represents the resultant of 
the two forces, and as the action of tlie earth may be assumed to 
be uniform, the measurement of the angle enables the force of 
the current which produces the deviation to be calculated. It 
may be demonstrated that the force of the current is proportioned 
to tlie tangent of the angle of deviation. This instrument cannot 
be relied on for angular deviations which much exceed 70°, owing 
to the rapidly diminishing angular deviation produced by equal 
increments in the force of the current when the deflection has 
reached this extent ; but for all currents which produce a devia- 
tion of smaller amount, it affi.dd a convenient measure. Other 
forms of galvanometer have been contrived, which it will not be 
necessary to describe in this work. 

(303) Inftueneeqfa Cond'ticting Wire in exciting Magiu^tism. 

The action of the conducting wire upon the magnetic needle is 

not interfered with by interposing a sheet of glass or other insu- 
lator of electricity, and the magnetic influence is equally trans- 
mitted, although a sheet of copper, of lead, or of any other non- 
magnetic inettdlie conductor of electricity be introduced between 
the needle and the ■vrire. The electric current, however, produces 
no divergence of the leaves of an electroscope which ia brought 
into its vicinity-. Not only does a wire which is conveying elec- 
tricity affect a needle which has been already magiietized, but 
the conducting wire itself, so long as it is transmitting the elec- 
tric current, displays magnetic properties. If a thin wire of 
copper or of any other non-magnetic metal, be employed to com- 
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plete the voltaic circuit, sufih a wire will, for the time, attract 
iron filings ; and the filings will be arranged in a layer of uniform 
thickness around the whole circumference of tJie wire, and along 
its whole length. The moment that the connexion with the hat- 
tery is broken, the magnetism ceases, and the filings fall off; hut 
the attractive power may be again instantly renewed on com- 
pleting the circnit. The iron filinss in this case become mag- 
nets, the poles of which are arrang^ alternately north and south 
around the wire. This arrangement may be better understood 
by reference to fig. 230, in which if w be supposed to represent 
a section of the wire which is transmitting a 
Fio. 230. current from + to — , the north end of each 

fragment of iron would be arranged as repre- 
sented by tlie points, n, n, of the arrows. If 
short wires of soft iron be placed in the direc- 
tion of the arrows arouu<l the wire, they be- 
come temporary magnets, the north and south 
poles of which are indicated by the letters n 
and s. If pieces of steel be substituted for soft 
iron, they become permanently magnetic ; all 
those which are above the wire, if the current 
be passing in the direction shown in the figure, will have their 
north ends to the left, whilst in all those below, the north ends 
will be to the right, 

(303) Formation of Electro-Magnets. — We see, then, that 
every part of the wire along which a current is passing is mag- 
netic. By coiling the conducting wire into a ling, a larger num- 
ber of particles is brought to act upon a piece of soft iron which 
is passed through the axis of the ring at right angles to the plane 
in_ which it Ues ; and by coiling up the wire into a spiral form, 
without allowing the spires to toucli each other, and supporting 
thern upon a glass tube, the action of a very considerable length 
of wire may be concentrated in a very effective manner upon the 
same piece of soft iron, placed as at c, d^ fig, 331. Very power- 
ful temporary magnets 
Fiu. 231. may thus be obtained. If 

the wire be covered with 
cotton, or, still better, with 
silk, to insulate the coils 
from each other, the effects 
may be greatly augmented 
■ — y- — = — by winding a second series 

of coils upon the first, and 
a third upon the second, and so on, till six or seven layei-s of wire 
are coiled around the bar which is to be magnetized, A row of 
coils which follows the direction of a left-banded screw would 
neutralize the effect produced by the right-handed spiral, unless 
the current were reversed in its direction as it passes through 
such a coil, as a glance at fig. 232 will show, where A represents 
a right-handed spiral, b, a left-handed spiral : in the straight por- 
tions of the wire, the current, as indicated by the arrows, flows 
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in the same direction in both ; but it is reversed in the spirals. 
Such a spiral coil of wire is usually termed a helix. In prepar- 
ing an electro-magnetic 

coil it is not necessary, Fig. 232. 

however, that the wire ~ 

be coiled in one direc- 
tion only, if the wire be 
continuous ; for instance, 
if the coiis follow the 
direction of the thread 
of a right-handed screw 
in the tirst layer, as in 
A E, tig. 231, the wire in 
winding it backwards 
from B to A will be 
formed into a left-band- 
ed spiral, but this ia of no consequence, because the direction of 
the current is also reversed in this layer, being now from b to a, 
80 that the effect of the reversed twist of the wire is neutralized, 

A helix through which an electric current is passing is power- 
fully magnetic ; the two magnetic forces accumulating at its op- 
posite extremities. If the helix be supported with its axis in a 
vertical position, and a bar of soft iron be partially introduced 
within it, as soon as an electric current of sufficient power is 
transmitted through the coils, the bar will start up, and will raise 
itself in mid-air nearly equidistant between the two extremities 
of the coil, the iron, by induction, becoming for the time a pow- 
erful magnet the poles of the iron bar are of course exactly the 
reverse of those of^the helix by which its magnetism is froduced. 

The most powerful electromagnets, however, are those in 
which the iron is bent into the form of a horse-shoe, and around 
which an insulating conducting wire is coiled in several layers, 
with due attention to the direction in which the coils are ar- 
ranged. In this way magnets have been constructed which are 
able to sustain a weight exceeding that of a ton. The magnetism 
developed in the soft iron, under the influence of the voltaic cur- 
rent, attains its majcimum in a few moments. It ceases as quick- 
ly, when the contact of the wires with the battery is broken ; 
and, by reversing the direction of the current, the magnetic po- 
larity of the bar is instantly reversed. 

(304) Molecvlar Movemertts during the Magnetization of 
Bars. — The production of magnetism in a bar of iron, and the 
cessation of magnetism, are both attended with molecular mo- 
tion, which pervades the whole mass of iron. Joule has shown 
that the bar, on becoming magnetic, acquires a slight increase in 
length, and suddenly contracts to its former dimensions when the 
magnetism ceases, the elongation of the bar being proportional to 
the square of the intensity of the magnetism developed within it. 
It has been observed by Guillemin, that if an iron bar be sup- 
ported at one end so as to bend by its own weight, it bec/imes 
straightened to a greater or less extent when magnetized. Wer- 
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theim haa also oljsei-ved that tlie eo-efficicnt of the elasticity of 
both Iron and steel is diminished bj_ magnetization. Each time 
that the bar either becomes magnetic or loses its magnetism, a 
distinct soimd is emitted, the note being similar to that elicited 
bj- etriking one end of the bar so as to produce vibrations in_a 
longitndinal direction. The molecular movements, if repeated in 
quick succession by rapidly making and breaking contact between 
the ends of the helix and the wires of the battery, so as repeated- 
Jy and quickly to magnetize and demagnetize the bar, produce 
an elevation of temperature, which, as Grove has shown, is quite 
independent of the neat produced in the conducting wire by the 
current. In connexion with these molecular movements, it may 
be noted that Wiedemann finds when a current is transmitted 
along the axis of a magnet, the magnet suffers a sliglit degree of 
twisting. 

(305). Zaws of Fleciro-Magnetism.^Accordmg to tlie re- 
search^i of Lenz and Jacobi, it appears that if the battery cur- 
i-ent be maintained of a uniform strength— 1. That the magnet- 
ism which is induced in any given bar js directlj; proportioned to 
the number of coils which act upon the bar : it is a matter of in- 
difference whether the coils be uniformly distributed over the 
whole length of tlie bar, or whether they be accumulated towards 
its two extremities. 2. That tlie diameter of the coils which 
surround the bar does not influence the result, provided that the 
current be in all cases of uniform strengtli ; fortnough the induc- 
tive influence decreases as the distance of the magnet from the 
wire, the induction produced by the increased length of the wire 
in the circumference of the coll is augmented in precisely the 
same proportion. 3. That the thickness of the wire composing 
the coll does not influence its effect upon the bar. 4. That the 
energy of the magnetism is, ecEteris poHhis, proportioned to the 
strength of the current, being directly as the electro-motive force 
and inversely as the resistances of tlie circuit.* 5. That the re- 
tentive power of the magnet, like the attractive power in electri- 
city, increases as the square of the intensity of the magnetism. 
g, Tliat the intensity of the magnetism induced upona solid bar 
by a given current ia proportioned to the surface which the bar 
exposes ; or in cylindrical bars it is as the square of the weightf 
Bundles of isolated wires expose a larger surface than a solid 
bar, and hence they are susceptible of a higher amount of mag- 
netism than a solid bar of equal weight. 7. That the employ- 
ment of long bars has no otlicr advantage over the use of short 



• This increase of power, it must be observeia, only oocura ap to a certain point, as 
there appears to be a limit to the amount of m^netie force whicli can be developed m 
iron, although the amount of electric action maj be Indefinitely hicreaaed. 

+ Dub, however, confirms the observations of Miiller, which ^ve a different result, 
Til., that the intensity of the magnetism in cylmdrioal bars is, for equal currents in cdla 
of eqnal number, proporlioaed to the square root of the diameter of the bar ; the mag- 
netism developed in a bar 4 inches thick being twice oa powerful as that produced m a 
bar of 1 hich in thickness ; so that the reUniive power is dbectly proportioned to the 
diameter of the bars. 
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bars tlian that of reir.oviiiji to a greater distance the eountoracting 
uiflucnee of the two magnetic poles upon each other. 

ITie practical question in preparing an electro-magnet resolyes 
itself into the determination of the thickness and lengtli of tlie 
wires which are required to produce the maximmn effect. It is 
obvioQS, that for a oattery of a given power, the longer the wire 
which j8 employed, the greater is the resistance introduced, so 
that the number of convolutions practiealty has a limit beyond 
which nothing is gained by increasing them, and this limit is at- 
tained when tlie increased resistance iifti-oduced by the increasing 
length of the wire balances the gain produced by the influence of 
the additional coils upon the bar ; the greater the diameter of the 
coil, the longer, of course, will be the wire required to form it, 
and the greater will be the resistance of such a coil in proportion 
to its magnetizing power. Experience shows, that in order to 
attain the most economical combination in the battery in propor- 
tion to the quantity of materials consumed, when magnetic power 
is required, the same rule must be followed as when chemical re- 
sistance has to be overcome — viz., that that combination is the 
most effective in wliieh tlie resistance of the wires and of the 
coils which are exterior to the battery is equal to the resistance 
of the liquids and other materials used in the construction of the 
battery itself, or when in Ohm's Ponnula (^^=-4) the value of 
A most nearly approaches 0-5 ; in which case r=nS. 

(306) Amperes Theory of Electro-Magnetimn. — It will be 
necessary to examine somewhat furthei' the pi'operties of a spiral 
wire wliich is conveying a current, in order tliat the reader may 
be enabled to understand the theory of Amptire, by which he 
accounts for the mutual action of magnets and electric currents. 
If a simple helix, which for lightness may be made of tJiin wire, 
be freely suspended, it will, whilst conveying the current, place 
itself in the niE^etic meridian ; that is to say, it will point north 
and soutli, and will be attracted and repelled by a magnet which 
is presented to it, just as an ordinary bar magnet would be. Fig. 
233 shows a method of suspending the helix, or dectro-dynamic 
cylinder^ re «, so as to exhibit these effects ; the wire, a, termin- 
ates in a small hook, wliich 
dips into a cup containing 
mercury, and tliis is connect- 
ed witli one of the wires from 
a small voltaic battery; the 
other end, S, of the coil dips 
into a second mercuiy cup, 
which is in communication 
with the other wire of the 
battery : the magnetism cor- 
responding witli that of the 
north end of the needle accu- 
mulates at one extremity of 
the coil, whilst the opposite 
magnetism accumulates at the other extremity : this effect ueces- 
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sarily foUowa from the influence of each coi! upon its iieighboura, 
since the north side of every coil ia in one direction, whilst the 
south side is in the opposite. Ampk'e, who first pointed out the 
remarkable analogy between an ordinary magnet and the helix 
when conveying an electric current, has deduced from it a theory 
of the connexion between magnetism and electricity which has 
satisfied, hitherto, the rigorous requirements of mathematical 
analysis, and has also explained all the phenomena of electro- 
magnetism that have as yet been discovered. Ampere assumes 
that all bodies which eidiibit magnetic polarity, derive this 
polarity from currents of electricity which are perpetually circu- 
lating around the particles of which the magnetic bodies are com- 
posed. Around each particle an electric current is snpposed con- 
tinually to circulate ; the direction of tliese currents ie supposed 
to be uniform, each cuiTcnt circnlating in a plane at right angles 
to the axis of the magnetic power. In fig. 234, the currents are 
shown as at a, h, c, circulating in a uni- 
riG. 234. form direction around the particles of a 

bar magnet, of which the south pole, s, is 
nearest the observer. The resultant effect 
of these united and concordant small cur- 
rents would be equivalent to that produced 
' by a single current winding in a spiral 
direction uniformly around the bar which 
would occupy the axis of such a spiral. 
In an ordinary magnetic needle, which is 
pointing north and south, currents would 
ascend on the western side and descend on 
the eastern. Ko definite proof of the existence of these currents 
can be given, nor can a reason for the persistence of such cur- 
rents in permanent magnets be assigned ; but granting tliat such 
currents do exist, all Sie mutual actions between wires which 
convey currents and permanent magnets follow as a matter of 




{SO'IlMutiial Infimnce of Wires which are eonveifing Cur- 
rents. — Ve proceed to point out one or two of these conse- 
quences. When two wires are fi'eely suspended near each other, 
and electrical currents 
Fig- 235. are transmitted through 

them, the wires will be 
mutually repulsive if the 
currents pass in oppo- 
site directions, but they 
will attract each other if 
the currents be in the 
same direction. Fig. 
235 will explain the rea- 

_^ son. When the currents 

are in opposite directions 
(No. 1), the mf^etism on one side of the wires is exactly similar 
10 that in the contiguous side of the secand wire, as mdicated by 
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the arrows arranged around p and n. The two north poles and 
the two south poles consequently repel each other : whereas 
when the current is passing through the two wires in the same 
direction, as shown in No. 2, the effects are exactly reversed ; 
attraction follows, and if the wires be freely suspended, as in 
Snow Harris's arrangement, represented in fig, 236, they will 
j^aee themselves parallel to each other. 
Three concentric troughs containing mer- Fia. ase. 

cury are arranged on a small stand ; the 
current passes from one of tlie wires of 
the battery to the central trough, returns 
by the inner loop of wire to the second 
trough, and by tlie outer loop is trans- 
mitted to the exterior trough, which is in 
communication with the other wire from 
the battery. This attraction between 
currents wliich are passing in the same 
direction may be rendered evident in the 
contiguous coils of a helix : from this 
cause, a helix formed of a slender harp- 
sichord wire shortens itself when the current is transmitted, but 
recovers its former dimensions when the current ia intermitted. 
Now if it be granted that in every bar magnet electrical currents 
are perpetually circulating around the particles of which it is 
composed, in a direction at right angles 
to a line joining the magnetic poles, we Fia- asT. 

have in the foregoing experiments an ex- 
planation of the tendency of a magnet 
to place itself across a wire which is con- 
veying an electric current, since, by 
such a movement, the currents in the 
magnet and in the wire assume a direc- 
tion parallel to each other. Let p Q (fig. 
237), represent a wire conveying an elec- 
tric current in the du-ection of the arrow ; 

N will indicate the north end of a magnet in which the currents 
supposed to circulate around its particles would be parallel to 
the current in the wire p q. 
If the magnet he station- 
ary whilst the wire is move- 
able, the wire will place itself 
at right angles to the magnet. 
In fig. 238, a plate of zinc, z, 
is represented as connected by 
a loop of wire with the copper 
plate c ; both are suspcsnded 
in a tube containing diluted 
acid, and the little battery is 
made to float in a vessel of 
■water by the aid of a piece of 
cork. D. If the north end of 
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a inagncfc, n, lie presented towards the loop in the direction 
shown in the cut, the wire will be attracted, and will place itself 
midway between the two extreniitiea of the magnet ; but if the 
south end be presented, the wire will he repelled ; the little float- 
ing combination will turn half round so as to reverse its dii-ec- 
tion, and then will be attracted. 

Motion is also produced in a wire which conveys a current, if 
it be suspended perpendicularly between the two poles of a horse- 
shoe maanet placed upon its side, the lower extremity of the wire 
dipping into a trough of mercury connected with one wire of the 
battery, whilst it rests by a hook at its upper end upon a metal- 
lic arm which is in communication with the other wire of the bat- 
tery ; according to the direction in which the current is passing, 
the suspended wire will be either attracted or repelled, by the 
simultaneous action of the two poles of the magnet on the oppo- 
■ site magnetism of the two sides of the wire ; the lower end will 
be thrown out of the trough of mercuiy ; this movement will 
break the connexion with the battery, and the wire will then 
cease to be acted upon by the magnet until it falls back again 
into the mereuiy ; the battery contact is by this means renewed, 
and the same seiies of motions is repeated. A spur wheel or 
star, if substitnted for the wire, may in this manner be kept in 
continual revolution ; for as one radius is thrown out, another 
enters the mercury, and thus renews the connexion with the 
battery, till it in its turn makes way for another. 

(308) Eleciro-Magneiic JRotations. — ^Xhe movements just de- 
scribed are not the only ones which the mf^et and the wire pro- 
duce on each other. If the action of the electric current be 
limited to a single pole of the magnet, a continuous rotation of 
the pole round the connecting wire may be obtained ; or if the 
magnet be fixed whilst the wire is moveable, the wire will re- 
volve around the magnet. 

Faraday, by whom these rotations were first investigated, was 
led to their discoveiy by observing the manner in which a voltaic 
current acts upon a magnetic needle which is moved in its vicin- 
ity. If the conducting wire be placed perpendicularly, and a 
needle poised horizontally at its centre be made gradually to ap- 
proach the wire on one side, each pole of the needle is first at- 
tracted, and on continuing the movement across the wire, is then 
repelled by the wire ; on the other side of the wire the needle is 
repelled where it was previously attracted. The points indicated 
in fig. 239 by the letters a a, represent the positions of the wire 
when it produced attraction ; e 
Tin. 239. K^ those in which it occasioned 

\j. ■ „ ■■''' *■■., repulsion : at the points s and n 

J^^ ^m ■'faiiiiifffii^ipiiBiwn- — — ■■ *^ midway between x and h, the 

■^\ I needle is neither attracted nor 
" '^~^ repelled. Trom tliese results 

Faraday concluded that each pole has a tendency to revolve 
round the wire, and therefore that the wire had a similar ten- 
dency to revolve round the poles ; tlic revolution of the north 
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end of the needle, it was expected, would be in a direction the 
reverse of that assumed by the south end. Exjjeriment complete- 
ly veriiied these expectations. The facts admit of being shown 
in a variety of forms. 

No. 1, fig. 240, shows an an-angement by which the magnet 
may be made to revolve 

around the fixed wire, ^"'* "*'*■ 

a It ; ff are the north 
ends of two bar mag- 
nets, which are united 
below, and terminate iji 
a pivot, g ; this pivot 
works upon a hard steel 
plate in the board, a b : 
c (? is a wooden ring 
which contains mercu- 
ry, and ia .in metallic 
communication with 
the cup, e. At the cen- 
tre of each of the mag- 
nets is a small brass 
hook wliieh dips into 
the mercury of the i a 

trough, G d, for convey- 
ing the current transmitted through the wire, a h, which is sup- 
ported by the arm c. As soon as the connexion of the cups a 
and c is made with the battery, the magnet begins to rotate 
around the wire, a J, and continues to do so as long as the cur- 
rent passes ; if the direction of the current be reversed, the direc- 
tion of the rotation is reversed likewise, No. 3 is a similar ar- 
rangement for showing the rotation of the wire, g h, around the 
norai end of the magnet, a h ; the current enters at the cup, J^, 
divides itself, and passes down g and A into the ring, c d, which 
contains mercury, and is supported above the board, c d, by the 
stand, A E ; tie circuit is completed by means of the cup e : re- 
versal of liie current reverses the direction of the rotation. If the 
current descend in the wire around the north end of the magnet, 
the direction of the rotation is the same as that of the hands of a 
watch lying with the face upwards. The current may be trans- 
mitted through the upper half of tlie magnet itself, and if deli- 
cately poised, the bar may thus be made to rotate rapidly upon 
its own axis. These rotations may also be exhibited by liquid 
and by gaseous conductors ; if the wires from a powerful voltaic 
battery be made to dip into mercury, the mercury over the point 
where the wires terminate will rotate rapidly if a magnet be held 
above or below the spot. The flame of the voltaic are revolves 
with equal regularity and distinctness under magnetic influence ; 
thus by making a powerful horse-shoe ms^et a part of the cir- 
cuit, and transmitting the current through the magnet itself, the 
voltaic arc of flame which may be drawn from one of its pol^ 
will rotate in the opposite direction to the flame which may be 
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drawn from the other pole. This magnetic rotation of the elec- 
tric discbarge ia also well exhibited when the induced current of 
Kubmkorff^ coil is transmitted through an exhausted globe im- 
mediately over the pole of an electro-magnet, the direction of the 
rotation being reversed with eacli reversal of the magnetism. 
— (De La liive, Electricity, "Walker's Translation, Vol, ii. 
p. 308.) 

A beautiful proof of the magnetic condition of the liquid part 
of t!ie circuit bo long as the current is passing, is exhibited by the 
rotation of the battery itself, in obedience to the action of a mag- 
net ; the experiment may bo made as follows : — Let a double 
cylinder of copper, shown in section at c, fig. 241, of about two 
inches in diameter and three inches high, be formed 
Via. 241, into a cell capable of containing liquid, and be sup- 
ported by a point attached to a connecting strip of 
copper, over one end of a bar magnet ; let a cylin- 
der of zinc, z, be supported on a second point in 
metallic communication with the copper : as soon 
as a little diluted acid ia poured into the cell, the 
zinc -will begui lo revolve around the magnet in 
one direction, while the copper rotates in the oppo- 
site ; the current is ascending in the copper, whilst 
in the zinc it is descending around the same mag- 
netic pole : i-ound the north end of the magnet, the 
cylinder of zinc will move in the same direction as 
the hands of a watch which is lying with its lace 
upwards. 

Ami)ere baa explained these rotations by means 
i=^ of the theory to which allusion has already been 
"" made ; bnt it will not be neei^lful to pursue this 

part of the subject further. ■ ■ i , ■' ■ ' ^ 

■'- (309) Electric Telegraph. — The most important and remark- 
able of the uses which have been made of electricity, consists in 
its application to telegraphic purposes ; an appJication which has 
not only brought distant towns upon the same island or continent 
within the means of instantaneous communication with each 
other, but which has spanned the seas, and placed an insular me- 
tropolis like London within momentary reach of the distant capi- 
tals of the continent. 

It would be impossible in a work like the present, to give 
even a sketch of the numberless modifications and improvements 
in the apparatus which have been suggested or practised for car- 
rying out telegraphic communications by means of electricity, 
since the year 1837, which is memorable as the period at which 
Cooke and Wheatstone took out their first patent for electric 
telegraphing, and proved to the world the possibility of trans- 
mitting and receiving signals produced by electricity, with facili- 
ty and witli certainty through insulating wires of great length. 
On the present occasion, an outline of the essentialparts of the 
telegraphic system wMch is generally adopted in this country is 
all that can be attempted. 
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The cleetrie telegraph may be regarded as eonsiating of tliree 
part9— viz. : 1. The Battery^ or source of electric power. 2. The 
liim, or the means of transmitting the signals. 3. The UtUgrapkic 
indicator, or instrument for exhibiting the signals. 

1. The Battery.— Tiie apparatus for produeiiig the signals is 
simply a voltaic battery, any form of which may be used ; but 
the one commonly employed consists of a series of alternate pairs 
of copper and amalgamated zinc plates arranged in wooden 
trou"-hs, snb-divided into compartments, similar to those used 
with° Smee's battery (fig. 313). These compartments, after the 
plates have been introduced, are filled with sand, which is then 
moistened with diluted snlphuric add. In this form of instru- 
ment the risk of leakage is diminished and the amount of evapo- 
ration is lessened : the charge requires renewing once in ten days 
or a fortnight, according to the frequency -witli which the tele- 
oraph is used. Another formof battery which has been found to 
be effective for a long period, consists of plates of amalgamated 
zinc, and gas coke, excited by solid sulphate of mercury moist- 
ened with water ; they are arranged in compartments, similar to 
those used for the moistened sand. 

3. The Line.— The conducting wire was formerly made of 
j3opper, but is now generally made of iron wire about one-third 
of an inch thick, coated with zinc, to protect it from oxidation. 
For the purpose of insulation this wire is supported upon wooden 
posts, which are firmly sunk into the earth, and which are kept 
dry at the npper extremity by means of a cap or case of wood, 
of fourteen or sixteen inches lor^, between the sides of which and 
the post is an interval of air. To the sides of this cap short tubes 
of porcelain, or supports of glass, are attached, and through these 
insulating tubes the wire passes. Suppose that a message is to 
be transmitted from London to Manchester ; a continuous insu- 
lated conducting wire must extend between the instrument or ba^ 
tery in London and the instrument at Manchester which is to re- 
ceive the signals, and there must also be a continuous conductmg 
communication to complete the circuit between Manchester and 
London. This return conductor may consist of a second metallic 
wire which must be insulated from the earth and from the firet 
wire though it may be suspended from the same posts side by 
Bide with the- firet. The earlier telegraphic lines were all made 
in this way. 

It -was, however, discovered by Steinheil that the second me- 
tallic wire may be dispensed with, and that the earth itself may 
be employed as the conductor for completing the return commu- 
nication between the two distant stations. The possibility of do- 
ing this arises from the law of conduction in solids— viz., that the 
conducting power increases in proportion to the area of the sec- 
tion of the conductor. The earth as a conductor of electricity is 
many thousand times inferior in power to any of the metals, if 
columns of each metal and of the earth of equal diameter be 
compared. -But it is possible to multiply indefinitely the area 
of the conducting portion of the earth between the two stations, 
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and thus a line of com niiiiii cation may Lc obtained whieli actually 
offers a smaller amount of resistance than the metallic part of 
the circuit. In practice all that is found necessary, in order to 
take advantage of this conducting power of the earth, and to sub- 
stitnte it for the return wire of the telegraph, consists in leading 
a wire from the telegraphic apparatus at one end, into the earth, 
the wire being attached to a plate of copper which exposes 
several square feet of surface, and this copper plate is buried in 
the ground, as represented at p {figs. 242, 243, 244). By in- 
creasing the size of this plate, any extent of surface of contact 
with the earth may be obtained, and thus the intrinsic inferiority 
of the earth to the metals as regards its conducting power is more 
tlian compensated for. 

The {general plan of this arrangement will be understood from 
fig. 242, in which m and i represent two telegraphic instruments, 



one stationed, we will suppose, in Manchester, the other in Lon- 
don. L is the metallie line or wire of communication which con- 
nects tlie station-i , e jo the eaith , and p, q, copper plates at- 
taciied to wircb, one of which proceeds from eaeh instrument. 
Suppose, for example, a message to be in the act of transmission 
from I, the instrument in Loudon, to m, the instrument in Man- 
chester ; if c z repreoent the b ittery at the London station, the 
current will tate the course mditated by the arrows ; it will pass 
from to a wite connected with the earth plate, r, thence it wiJl 
pass through the 200 miles of earth between the two cities ; at q 
it will be taken up again, and be transmitted by the wire to the 
instrument, m, thence it will be conveyed along the metallie wire, 
L, and back again to London, where it will pass through the in- 
strument, I, and so return to the end, z, of the battery. 

"Wlien it is impossible to insulate t!ie conducting wire by 
supporting it in the air on posts, the whole lengtli of the wire re- 
quires to be covered with an insulating material. Caoutchouc 
and ^utta-percha are found to be well adapted to this purpose. 
In this case it is usual to substitute copper wires for the iron ones, 
as owing to the superior conducting power of copper, a wire of 
much smaller diameter can be emploj-ed without adding to the 
resistance, and a saving of space and of insulating material is 
thus effected. The wires, after having been covered with a eoat- 
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ing of gutta-percha about ^ of an inch thick, may be inclosed 
either singly, or several of them side by side, in iron tubing, to 
protect ' them from mechanical injury; they are then placed 
under ground, in the same manner as pipes for tlie conveyance 
of gas or water. In the sub-marine telegraphs, copper wires 
coated with gutta-percha are carefully arranged round a central 
rope of tarred hemp into a compound rope, which contains sever- 
al strands of conducting wire; the whole is protected by enclosing 
it in a flexible metallic covering, formed by carefully twisting 
several iron wires around the compound conducting rope already 
described ; the extei-ior is often further protected by an outer 
covering of tarred hemp or other analogous material. The cable 
having been previously coiled up in the hold of a vessel, and one 
of its extremities having been properly secured upon the shore, it 
is carefully lowered into the sea ; from its weight, the electric 
rope at once sinks to the bottom as it is gradually paid out over 
the ship's side. When the opposite sliore is safely gained, the 
extremities of the conducting wire are connected on eitlier side 
with other wires which are in communication with the telegraphic 
apparatus, and the signals can be at once transmitted. 

In cases in which the wires are insulated with gutta-percha, 
and are then encased in iron tubes, or sunk beneam a body of 
water, it has been observed that if the wire be connected with the 
battery, the signal is not instantaneously transmitted to the op- 
posite extremity ; and that if the battery contact be broken, thei-e 
18 not an instantaneous cessation of electric action at the distant 
point. 

Faraday {Phil. Mag., March, 1854) has shown that this retar- 
dation is produced by the action of the current upon the gutta- 
percha insulator. The insulated wire, in fact, forms a Leyden 
jar; the gutta-percha is the dielectric; the wire within forms 
tlie inner coating, and the iron tube, or water of tlie ocean which 
surrounds it, forms the exterior coating. The time lost at first is 
that which is expended in giving to the gutta-percha its charge ; 
and the current wliieh is observed to continue for a short time 
after the wire has been disconnected with the battery, is produced 
by tlie gradual discharge of the electricity which had been com- 
municated by lateral induction to the gutta-percha : the gutta- 
percha in this case becomes polarized, just in liie same manner as 
the glass of an ordinary Leyden jar. When tlie wires are sus- 
pended in air, no retardation of this kind is obsei'ved ; and no 
after current is perceived. The guttarpercha in such a case can- 
not assume the polarized condition, owing to Hie absence of anv 
conducting communication with its external surface, by which 
the induced electricity could be carried off. 

Supposing that the line of communication has been estab- 
lished, we have now to consider : — 

3. Tlt6 Insi/rwment for ExhiMting the Signals. — The indica- 
tor, or instrument by which the signals are exhibited, is essen- 
tially a galvanometer, in wliieh tlie astatic needles are suspended 
vertically, instead of being placed in a horizontal direction. A 
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side view of the coil is sliown at g, fig, 243. One of the needles 
ia shown vertically suspended within it ; the other needle, n s, ia 
represented in front of the dial-pTatc, f r, 
Fio. 243. of the inatniment. The needles are slight- 

'" ly heavier at their lower extremities than 

at their upper ones, in order that when 
disturbed from the vertical line, they may 
again resume it when the disturbing force 
ceases to act. The motions of the needle 
to the right or to the left are limited by a 
little ivoiy stud, which projects on either 
BJde from the face of the dial : loss of time, 
which would otherwise be occasioned by 
the unnecessary length of the oscillations 
of the needle, is thus prevented, l and p 
are the wires which communicate with the 
distant station ; c z ia the battery ; n is 
the handle by which the instrument is 
worked. Fig. 244 is intended to illustrate 
the principle upon which such an instru- 
ment is made to exhibit the signals ; the 
dified in the 
c current may be 




details of its construction have been slightly modif 
diagrams, in order that tlie course of the electric currt 




more clearly traced. No, 1 represents a back view of the essen- 
tial parts of the instrument, when at lest and in a position to re- 
ceive a message from the distant cstremity. In this position, 
supposing the current to originate from the distant battery, and 
to enter the galvanometer g by the wireL, it will pass throiigh the 
coil, will maie its exit by the wire upon the right hand, which is 
attached to the metallic spring t ; thence it will pass along the 
brass crosspicce, d, into the metallic spnng, v, and complete the 
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circuit through the wire attached to the plate p and the earth e, 
by which it is returned to the distant station. The battery shown 
at c z is inactive during the whole of this stage : the wires which 
proceed from its two extremities are attached to insulated pieces 
of brass at either end of the vertical piece which is connected 
with d. No current therefore can in this position he transmitted 
from this battery, since the wire proceeding from c is completely 
insulated. But suppose it he desired to transmit a signal from 
this instrument to the distant station : — by means of the handle h 
(fig. 243), the piece to which d is attached can be pressed against 
one of the springs at t {fig. 244, 2), whilst its lower extremity by 
the same movement is pressed gainst the other spring v ; the 
current now passes from the battery in the direction shown by 
the arrows. From c it proceeds to v, thence, through the wire 
attached to p, into the earth ; then, through the distant station, 
where the instrument is arranged for receiving the signals, as in 
No. 1, and it then produces a deflection of its needle. Thence 
the current returns by L to the galvanometer coil o, and then de- 
flects tlie needle, retunis through the wire attached to the spring 
t, and by the metallic piece d completes the circuit through the 
wire attached to z. 

It is obvious that by reversing the movement given to the 
handle h, the direction of the current and the motion of the 
needles in the coil will be reversed both in the near and in the 
distant instrument, as shown at No. 3. As soon as the operator 
has finished making his signals, the springs, v and % restore the 
crosspieee d, to the position shown in No. 1, and thus the instru- 
ment at once adjusts itself for receiving the signals from the 
distant station ; the battery at c z being thrown out of action 
and the conducting eonmiunication with the line being restored 
through the crosspieee, d, by the self-acting power of the instru- 
ment itself. 

By this arrangement a corresponding motion of the needle is 
always produced at the same instant at both stations, so that the 
giver and the receiver of the message each perceive the signal. 
Since the needle admits of being moved either to the right or to 
the left, it is clear that by combining together on a definite plan 
a certain number of these movements, any letter or word may be 
transmitted ; thus two movements of the upper end of the needle 
to the right may show the letter A. ; three movements in the 
same direction the letter B ; four might indicate (7; one to the 
right and one to the left D \ and so on. 

By employing two or more needles in each instrument, a 
greater number and variety of signals can be transmitted in the 
same time, but each needle requires a separate conducting wire, 
though the number of batteries need not be increased. 

§ Y. MAGNETO-ELECTElCrrr. 

(310) YoUa-Electfic Induction. — ^The term voUa-dectric indtiO' 
Hon was given by Faraday to the jwoduction of secondaiy cur- 
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rents, or currents in closed wires obtained by indiictive action, 
from wires conveying currents in tbe vicinity of sucli closed cir- 
cuits. The circum stances tinder which these currents are formed 
will be best understood by a description of an experiment. If a 
wire thi-ough which a voltaic current is passing be placed parallel 
to a second wire, the two e^ctremities of which are connected with 
the ends of a sensitive galvanometer, no perceptible effect is pro- 
duced in the second wire so long as the current passes without 
interrnption through the first wire ; but if the current through the 
first wire {or primary current as it may for the sake of distinction 
be termed) be suddenly stopped by intermptiDg the connexion 
with the battery, a secondary current of momentary duration is 
produced in the second wire, and this current is direct, that is to 
s!iy, it is in the same direction as that in the battery wire. On 
again completing the communication between the first wire and 
the battery, a momentary current or wave of electricity is again 
transmitted through the second wire, but it is now inverse, or in 
the opposite direction to the primary current. 

Tliese effects may be much increased, if instead of employing 
simple wires, the wires be coiled into the form of two concentric 
helices ; the wire which is to convey the primary current, or 
primary coil, being placed in the axis of the coil for the secondary 
current and the ends of the secondary coil being connected as 
before with the extremities of the galvanometer. Under these 
circumstances the needle will receive a powerful impulse at the 
moment the primary coil is connected with the battery, but after 
a tew oscillations the needle will return to its original position, 
notwithstanding that the current through the primary coil is main- 
tained ; the instant, however, that the primary coil is separated 
from its contact with the battery, a powerful momentary impulse, 
from a current tlirough the secondary coil in a direction the re- 
verse of the former, will be produced upon the galvanometer 
needle. 

Similar effects are exhibited by causing the primary coil, 
whilst it is transmitting the battery current, suddenly to approach 
towards, or to recede from, the secondary coil which is in connex- 
ion with tlie galvanometer. During the approach of the coil, the 
secondary current is in the opposite direction to the primary one, 
but during the withdrawal of the coil the secondary current is in 
the same direction as the primary cun-ent. If a small helix be 
substituted for the galvanometer in the secondary coil, a steel 
needle may be magnetized by the induction of these instantaneous 
cun-ents, and the mtensity of the magnetism thus induced is pro- 
portional to the intensity of the secondary current. By discharg- 
ing a Leyden jar through a primary coil properly insulated, a 
secondary current may be obtained in the other helix, but in tliis 
case it is always in the same direction as the current produced on 
breaking contact with tlie battery. 

J 311) Magneto-Electric Induction. — Since electricity may be 
e to elicit magnetism it seems reasonable to expect that the 
converse operation of obtaining electricity by means of magnetism 
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should likewise be practicable. After several fruitJesa attempta 
to solve this problem, Faraday succeeded in discovering the con- 
ditions necessary to ensure the result {PhU. Trans., 1832, p. 125). 
Tiio following experiment -will serve to illustrate these conditions. 
Let the extremities of a helix of copper wire be connected by 
means of wires several feet in length with the two ends of a gal- 
vanometer, so that the needles shall be beyond the direct inflo- 
ence of the magnetic bars to be employed. Motion of a perma- 
nent magnet across the coils of the helix instantly produces a cur- 
rent in the wire ; if, for example, a bar magnet be introduced 
into the axis of the helix, an immediate deflection of the gal- 
vanometer needle is produced ; but if the magnet be allowed to 
remain motionless within the helix, the needle after a few oseillar 
tions returns to its zero ; the instant, however, that the magnet is 
withdrawn, the galvanometer needle is deflected to the same ex- 
tent as before, but in the opposite direction. When the marked 
end of a magnetic bar is introduced into a right-handed helix, the 
current which is produced so passes through the coils as to enter 
the helix at that extremity at which the mt^et enters ; so that 
the current under these circumstances moves in the opposite 
direction to that of the hands of a watch which is lying with its 
face upwards. 

If a bar of soft iron be placed in the axis of the helix, so long 
as it remains unmagnetized no current is produced, but if the op- 
posite poles of two bar magnets he presented one to each ex- 
tremity of the soft iron, so as to render it temporarily magnetic 
by indnction, a momentary current is produced whilst it is ac- 
quiring magnetism, and this current corresponds in direction with 
tnat ■ivhich would be occasioned by introducing a bar magnet, the 
poles of which correspond in direction with those of the tempo- 
rary magnet. 

In like manner when two concentric helices are an-anged as 
in the experiment on volta-clectric induction (310), and a bar of 
soft iron is placed in the axis of the primary coil, a much more 
powerful secondary current is obtained than when the two coils 
only are used ; since the soft i]uii in acquiring and in losing mag- 
netism produces a secondai-y current, which in each case occurs m 
the same direction as tliat induced by the primary coil alone. If 
a bar of copper be substituted for the iron bar or core in the 
primary coil, tlie curreut is not stronger than when the two coils 
alone are employed. 

If, as Ampere supposes, a series of electric currents are per- 
petually circulating around the component particles of a bar 
magnet, in planes at right angles to the magnetic axis, — the mo- 
tion of a magnet in the axis of a helix, the opposite extremities 
of which are in metallic communication with each other so as to 
form a closed circuit, must necessarily produce a current in such 
a Iielix ; for the magnet corresponds to a helix through which an 
electric current is passing ; experiment shows that the direction 
of the cuiTents induced by the magnet is precisely such as would 
be required by Ampere's theory. 
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(313) Ruhmkorffs Induction CoU. — The secondary eun-ents 
which are obtained by magnetic induction possess a higii degree 
of intensity ; if the circuit be broken at the moment that the cur- 
rent is passing, a brilliant spark will be observed at the point at 
■which the interruption is occasioned. 

An effective apparatus for exhibiting these secondary currents 
has been in use for several years, but it has recently been ren- 
dere<i still more efficient by Kuhmtorff. One of its fonns is 
represented in fig. 345, in which Ko. 1 shows a vertical section of 




the coil through its long axis, the other parts being shown in per- 
spective. It consists mainly of two concentric helices of copper 
wire ; the primary or inner coil, A A, consisting of a stouter and 
shorter wire than the secondary coil, b b, which is made of a very 
long, thin wire, insulated by ailk, and each layer of coils is care- 
fully insulated from the adjacent layer : * m is a bundle of soft iron 
wire placed in the axis of the coils. At -f- and — are binding- 
screws for connecting the primary coil with a voltaic battery of 
three or four elements. This primaiy coil is not continuous 
throughout its length, liut admits of being broken at c and d ' d 
is a small armature of soft iron, to the under surface of which a 
plate of platinum is riveted, and the upper surface of c is also faced 
with platinum. So long as c and a touch each other, iJie cur- 
rent circulates unintemiptedly through a a : but as soon as the 
current passes through A A, the iron core m, becomes magnetic and 
attracts d, consequently the contact between c and a is inter- 

" In Ruhmkorff'B lO-inch coil the inner or primary wire is 0-08864 inch thick and 
132 feet long, 800 turns of wire being formed upon the instrument. The outer or sec- 
ondarv eeil is 0'0IS)2 inch thicli, and 26,2*6 feet in length, distributed in 26,000 coils. 
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rupted ; the current immediately ceases to flow through A A, t]ie 
magnetism in m disappears instantly, the hammei-, (?, falls, contact 
witn e and with the battery is immediately renewed, d is attracted 
again, and it immediately falls back upon c. Thus the battery 
itself acts as a means of making and breaking the contact several 
hundred times in a minute. A powerful current is induced in 
the secondary coil, e b, by each of these momentary currents in 
A A. In this instrument the secondaiy current is always trans- 
mitted in one direction only, the induced current on breaking 
contact being the only one which haa sufficient intensity to trar 
verse the coil. No. 2 shows an end view of the coil, and exhibits 
more distinctly the parts hj which the contact is made and 
broken. The same letters apply in both cases. The shocks are 
of such intensity as to be very painful and often dangerous, even 
though experienced only for an instant. (A continuous stream of 
sparks will pass between the insulated ends of the secondary wire, 
e f. A Leyden jar may be charged by the secondary current, 
and the power of the instrument may be much increased by con- 
necting the primwry wire with the modification of the Leyden 
jar, which is commonly called a condenser : it consists of a band 
of brown paper, or, better, of oiled silk, on either side of which 
a sheet of tinfoil is pasted, 40 or 50 square feet of coated surface 
are thus prepared and folded between two other bands of brown 
paper or of silk, and packed in a flat wooden case. The two coat- 
ings are connected with the binding-screws attached to c and d 
in the primary current. The piinciple of its action is not clearly 
understood ; it does not increase the quantity of electricity in the 
secondary current, but it adds greatly to its intensity and aug- 
ments the striking distance, so that, by its employment, and by 
increasing the dimensions of the coil, paying scrupulous attention 
to the insulation of the conducting wires, sparks of 18 or 20 inches 
in length and of great intensity have been obtained. The inten- 
sity of this spark is also greatly increased by increasing the sud- 
denness with which the continuity of the primary wire is broken. 
It is obvious that by this machine electricity of low tension may 
be rendered as intense as that from an ordinary plate-machine 
whilst its quantity is much greater. An induction coil may in- 
deed be substituted for an ordinary electrical machine in most 
cases, with great advantage, where a continuous discharge of 
sparks is required. 

If the shadow of the spark obtained between the secondary 
wires of a Euhmkorffs coil be thrown upon a screen by the 
intense light of the electric lamp, a cone of vapour will appear to 
issue from the point of each wire, due to the unequal refraction 
produced by the current of heated air ; but the cone from the 
negative wire being more powerful apparently beats back the 
heated stream from the positive wire. These effects are tlie re- 
verse of those produced m the ordinary voltaic are, in which the 
greatest dispersion of matter and the highest temperature is ob- 
flcrved to occur at the positive electrode (280). If the discharge 
of the secondary coil be allowed to occur in an exhausted receiv- 
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er, the phenomenon of the auroral light is exhihitcd in a most 
heautifiii manner through an interval of several feet, Gassiot has 
contrived a very Btrildng modification of this experiment by plac- 
ing within the receiver of the air-pump a small tumbler or beaker 
lined with tinfoil about half way np tlie inside. The receiver 
sliould be open at- top for the admission of a eliding rod, which 
passes air-tight through a brass plate, ground to fit the top of the 
jar ; the eliding rod is enclosed in a glass tube open at bottom, 
and passes down to the inside of tlie tumbler and touches the me- 
tallic lining. On exhausting tlio receiver whilst the plate of the 
pump is connected with one terminal of the secondary coil, and 
the sliding rod with the other terminal, a beautifiil and contin- 
uous cascade of electric light pours over the edge of tlie tumbler 
rn the metallic plate of the pump. The effect is heightened if 
tumbler be made of a fluorescent material, such as uranium 
glass, and rests upon a glass dish washed over with sulphate of 
quinine, the blue fluorescence of which contrasts well with the 
yellow of tlie uranium. If, instead of using the sort of Leyden 
jar employed in the foregoing experiment, this discharge be 
taken in an exhausted glass globe between two brass balls, it ex- 
liibits a very interesting appearance ; the negative ball becomes 
covered witli a quiet glow of light, whilst a pear-shaped luminous 
discharge takes place from the positive ball ; between the two 
balls is a small interval nearer to the negative than to the posi- 
tive ball which is not luminous : when the exhaustion of the 
rec«iver is very perfect, tlie luminous portion is observed_ to be 
traversed by a series of dart bands or arches concentric with the 
positive ball ; the presence of a little vapour of phosphorus ren- 
ders these dark bands much more distinct. {Grove.)_ 

The occurrence of these bands is as yet unexplained ; but the 
attempts to trace them to their cause have led to numerous in- 
teresting investigations by Grove, who firet observed them, by 
Eobinson, and by others, but particularly by Gaseiot, who has 
varied the experiment in numberless ways {PfiU. Trans., 1858, 
1859), Gassiot's principal method of procedure has been to seal 
wires of platinum and of other materials of various sizes and 
forms, into glass ve^s or tubes. These tubes and vessels were 
subsequently exhausted more or less completely. Various gas- 
eous bodies were then introduced, and were afterwards more or 
less completely removed by the air-pump : eft'eefs of great variety 
and beauty were thus obtained. The general appearances may 
be thus described :— If a long wide glass tube (fig. 246) contain- 
ing stacks of caustic potash, at p, be filled with well-dried car- 
bonic acid gas, and afterwards exhausted by the air-pump, the 
residual carbonic acid will be gradually absorbed by the caustic 
potashatp. The effects observed on connecting the wires -{-, — , 
■with the secondary wires of the Ruhmkorffs coil, vary with the 
perfection of the vacuum. If the vacuum be merely that which 
can be obtained by an ordinary air-pump, no stratification is per- 
ceptible ; a diffuse lambent li^t fills the tube : if the rarefaction 
bo carried a step further, narrow strife, hke ruled lines, about ^Vth 
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inch in thickness traverse the tube transverse to the line of the 

PiD. 246. 




discharge, as shown in fig. 247, I^o. 1. A step further in the rare- 
faction increases the breadth of the bands as seen in fig. 246 ; next 
the segments of hght assume a cup-shaped or conical form, fig. 
24T, Ho. 2 ; and by carrying the rarefaction still further, a series 




of luminous cylinders, of an inch or so in depth, with nan-ow 
dark lines between them, are seen, fig, 247, No. 3. Finally, 
when the vacuum approaches perfection, there is neither dis- 
charge, light, nor conaiietion. Hence it would appear that the 
Eresenee of material particles is absolutely necessary to the trans- 
jr of the electric current. 
When the stratification is most distinctly visible, a dark space 
will always be observed near the negative pole, which, if of pla- 
tinum, is seen to be covered with a bluish glow of light, wifliin 
which, the wire, by an optical illusion, has the appearance of being 
red hot. Portions of the negative electrode are gradually thrown 
off in the form of fine metallic particles as the experiment is con- 
tinued, and the wire rises considerably in temperature. The ap- 
pearance of the stratification varies greatly with the modifications 
m form given to the wires. If the negative wire be enclosed 
with a eapillary glass tube which is open, and projects beyond 
the wire for an eighth of an inch, or a little more, all the strati- 



fy GoOglc 



160 STKATIFIBD DIBCHAESES IN VAOITO. 

fication disappears, and a jet of light escapes from the open end 
of the capillary tube, passing down the exhausted vessel. 

Tliese stratified bands and InniinoiiB discharges are powerfully 
affected by the magnet ; if the negative wire be undermost in one 
of these exhausted tubes suspended vertically, and it be com- 
pletely covered with a stratum of mercury, it will be found on 
causing one end of a magnet to approach the termination of the 
luminous bands in tlie direction of the axis of the tube, that the 
stratification will become modified, and will present an appear- 
ance resembling that which might be occasioned by stretching a 
spiral spring, supposing it were luminous ; indeed, by suitable 
means, the discharge may, as De La Kive has shown, be made to 
rotate around the magnetic pole. Pliiclfer has shown that the 
light from the negative pole is also specially affected by the mag- 
netic force, the lines of light becoming parallel to the magnetic 
curves ; and Gassiot has found, that hj arranging a tube so as to 
cross the lines of magnetic force which emanate from the poles of 
a powerful electro-magnet, he can instantly arrest the luminous 
discharge by magnetizing the electro-magnet ; but on breaking 
the connexion of the magnet with the battery, the discharge is 
immediately renewed. 

The phenomena above described have recently attracted a 
large share of the attention of electricians from their intimate 
connexion with the mode in which the electric force is propagated 
and transmitted from point to point. 

Tho stratified light produced by Kuhmkorff's coil is, from the 
nature of the apparatus, intermittent, as may be very simply and 
beautifully shown by attaching one of the vacuum tubes to an 
axle which can be thrown into rapid rotation, the two arms of 
the tube moving like spokes of a wheel upon the extremity of the 
axle. In this arrangement, one extremity of the tube is m^n- 
tained in unbroken contact with one extremity of the induction 
con, while the other extremity is in like manner connected with 
the other end of the induction coil. As the rotation proceeds, if 
the experiment be made in a darkened room, the tube will be 
visible momentarily, several times during each rotation, and will 
produce the appeai-ancc of a star of light, each arm of the star 
exhibiting distmct stratified bands, and appealing to be stationary, 
owing to the briefness of the time for which it is visible. _ 

It was supposed that these phenomena of stratification were 
connected with undulations produced by the rapidly succeeding 
currents of the induction coil. Gassiot, however, has shown that 
this is not the cause, by producing the stratified appearance from 
the disehai'ge of a Leyden jar when somewhat prolonged by trans- 
mitting it through a portion of wet string ; Quet and Seguin, by 
charging the jar feebly, have obtained similar effects witiiout the 
use of the wet string. Gassiot also obtained them directly from 
the water battery of 3500 cells (399), as well as from a series of 
400 carefully insulated small pairs of Grove's construction, and 
connecting each terminal of the batterv with one of the insulated 
wires of ttie exhausted tube. A beautifully distinct f'—''*'"-' 
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discharge was produced, whioli was not arrested by the introduc- 
tion of a voltameter into tlie circuit. The quantity of electricity 
thoa transmitted is so small that tlie amount of water decomposed 
is barely perceptible. This is, therefore, not the true voltaic are. 
On causing the tei-miuals of the Grove's battery in the exhausted 
tube gradually to approach each other till within about an inch 
and a half, the true voltaic arc was suddenly established, and an 
immense rise of temperature instantly occurred ; but the interest- 
ing point of the experiment was tliat the arc itself was distinctly 
seen to be stratified. 

The passage of the electric spark through compound gases or 
vapours is attended with a partial separation of their components 
in the line of the discharge. But the experiments of Perrot 
{Ann. de CMmie, III. Ixi. 161) appear to have proved that the 
spark from Euhmkorff's coil produces hi addition a tnie elec- 
trolytic decomposition of the compound vapour. In the case of 
steam, for example, oxygen appears in larger quantity at the posi- 
tive wire, and hydrogen in excess is collected at the negative ; 
but a much larger quantity of the two gases is evolved than is 
due to true electrolysiB. Long sparks, if transmitting equal 
amounts of electricity in equal times, were found to be more 
effectual in producing decomposition than small ones. In syn- 
thetic experiments on the combination of oxygen and nitrogen to 
{iroduce nitric acid, it was found that long sparks also furnish a 
arger quantity of acid than short ones. If the length of the 
spark be increased in any given circuit, the gain increases only 
up to a certain point, the resistance offered by the length of the 
interposed stratum of air beyond this point diminishes the amount 
of electricity which circulates, to an extent which more than 
counterbalances the gain obtained by increasing the length of the 
Bpark. 

The energy of the secondary induced current in effecting the 
combination or the decomposition of gases and vapours is much 
greater than that of the ordinary cylinder or plate electrical 
machine. The interposition of a condenser into the induced cir- 
cuit augments the intensity of the chemical action of the spark ; 
hut it decreases tlie number of sparks in a given time, so that if 
the spark possess sufftcient intensity to pass, no gain in the 
amount of the body decomposed is effected by the use of the con- 
denser.* 

(313) Induotim Action of Currents — Henry's Coils. — When 
the connexion between the plates of a battery is made by means 
of a single, long straight wire, a brilliant spark is seen at the mo- 
ment that the contact with the battery is Droken ; but when the 
connexion is made by means of a short wire, and contact is broken, 
only a very small spark is produced. When a long wire is em- 
ployed, the same lengtli of wire, if coiled into a helix, gives a 

" Full detttUfl of tlie numerous researclies made by Quet aad othera with Ruhmkorff'fl 
eoU will be found in Du Monoel's Nodce *ar PApparal d^InducSon Mcdriqae de Huhnt- 
horff, 4th tidit. 
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mnch brighter spark than when it is used merely as a straight 
condnctor. The brilliant spark which is observed when the long 
■wire is used, is produced by the inductive action of the battery 
upon the electricity of the wire itself. The bright spark obtainea 
from the battery wire on breaking contact arises from a current 
which is transmitted through the wire in the same direction aa 
that from the battery itself. This inductive action may be en- 
tirely diverted, if a second helix, the ends of which are in me- 
tallic communication with each other, he placed either within the 
primary coil or exterior of it. 

If the conducting wire be coiled into a helix within which an 
iron core is placed, the current on breaking contact acquires suffi- 
cient intensity to communicate a powerful shock, when the ends 
of the wire are grasped by the hand at the moment that the wire 
is disconnected with the battery, although the battery itself may 
be quite inadequate to produce any shock when its extremities are 
connected by a short wire, A striking experiment of this kind is 
related by Prof, Jos. Henry {Phil. Mag. 1840, vol. xvi. p. 205). 
A very small compound battery was formed of six pieces of cop- 
per bell-wire each about an inch and a half long, and six pieces 
of zinc of the same size ; the current which this arrangement pro- 
duced was transmitted through a spool of copper wire covered 
with cotton : this wire was 5 miles in length, and tV of an inch 
in diameter, and it waa wound upon a small axis of iron. The 
shock, on breaking the connexion with the little battery, was dis- 
tinctly felt simultaneously by tweuty-six persons who had formed 
a circle by joined hands, and who completed the circuit between 
tiie two ends of the wire. The shock which was felt on making 
contact with the battery was barely perceptible. A current is 
produced on making contact, but it is feeble, and in a direction 
the reverse of that emanating from that battery. Even a thermo- 
electric battery (317), if the current which "it yields be trans- 
mitted through the coil, will furnish sparks on breaking contact. 

Henry, in the paper above referred to, has made some interest- 
ing observations upon tlie action of the battery current in in- 
ducing secondary currents. He employed for transmitting the 
primary current a flat coil or ribbon of sheet copper about 9S feet 
long and 1^ inch wide. This ribbon was sometimes coiled in the 
manner shown at a, fig. 248, sometimes in the form of a ring as 
shown at 5. This coil was combined under various circumstances 
■with other similar coils, each about 60 feet long, or with helices 
of fine copper wire of vaiious lengths. The form of ribbon is a 
very advantageous one, as it offers a large sectional area in the 
conductor, and thus diminishes the resistance, whilst tlie different 
layers of the coil are approximated to each other with the smallest 
possible intervals between them. "When coiled as at 5, and a 
helix was placed within the ring so formed, each time that the cur- 
rent from the battery through the ribbon was interrupted,^ a sec- 
ondary current of considerable intensity was obtained in the 
helix : the helix could be supported upon a plate of glass which 
rested upon the flat coil, and still the inductive action was ob- 
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taincd ; but if a metallic plate were interposed between tbe eoil 

and the helix, no secondary current was obtained in the helix, 

because it was transferred to the interpmed conducting plate. 

By arranging a series of coils in the manner represented in 

;. 248, Henry succeeded in obtaining a succeseion of induced 




cnrrents by their mutual action. If a represent the eoil in con- 
nexion wjui the battery, & and c are arranged to form a contin- 
uous eoil, through which, by induction, a momentary current ia 
produced each time that the connexion of the coil a with the bat- 
tery is broken ; the current in S c then being direct, or in the 
same direction as in a. Now if two wire helices be connected 
together and placed as at (^ and e, the induced current in c will 
produce a second induced current, or current of the third order^ 
iTide; but this current will be in the opposite direction to that 
in 6 e. Ifybe a ribbon coil placed above e, with its ends united 
by a small helix at g, a third current, or curreid of the fourth 
order, will be obtained, but it will be in the opposite direction to 
that in d e. Thus if the currents be compared together, they will 
be in the direction following :— 

a primary current {on breaking) 

6, e, secondary current . . . direct 

d, e, current of the tliird order . inverse 

f, fj, current of the fourth order direct. 

By acting upon the principle just explained, and carefully in- 
sulating the coils, currents even of the seventh order have been 
obtained, the sueecesive currents being alternately direct and in- 
Similar currente of equal amount, but of lower tension, are 
obtained each time that the primary circuit is completed, but the 
direction of the currents in this ease is reversed ; thus on com- 
pleting the primary circuit the currents would be as follows : — 

a primary current (on making) direct 

J, tf, secondary inverse 

(?, e, tertiary direct 

f g, quaternary inverse ; and so on. 

These effects are produced by a series of complicated actions, 
which admit of being summed np as follows : — The primary cur- 
rent has the power of producing two induced secondary currents 
in opposite directions one on making, the other on breaking con- 
tact ; these currents admit of being separated from each other. 
They are equal in amount, but the current on breaking contact 
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has the iiighest tension, and will traverse the greater distance in 
the fonn of a spark. Each secondary current in 5 c may give 
rise to two opposite tertiary currents in d e, but tbrae currents are 
separated by an interval of time too small to be appreciated, be- 
cause the secondary current itself is instantaneous. These two 
tertiary currents are ec^ual in quantity, but differ in tension ; the 
tertiary current produced by the cessation of the secondary being 
the stronger. Again, each of these momentary tertiary currents 
is in its turn eaj^able of developing in^ ^ two opposite quaternary 
cuiTents, equal in amount but differing in tension. At each in- 
terraption of the primary current, therefore, we have one instan- 
taneous secondary current in i o, two tertiary in d e, and four 
quaternary ones iny ff. If all these currents were equal in tension 
as well as equal in quantity, they would neutralize each other ; 
but since their tension is not equal, a series of phenomena are 
produced, owing to the alternate predominance of the tension of 
the currents moving in one direction in one circuit, and in the op- 
posite direction in tiie succeeding circuit. 

Henry has shown that induced currents of several successive 
orders may also be obtained by the momentaiy parage of elec- 
ti-icity occasioned by the discharge of the Leyden jar. 

'fhese induced currents not only give powerful shocks, but 
they magnetize steel bars and produce chemical decomposition. 
The latter may be shown by interposing acidulated water or a 
solution of iodide of potassium between platinum wires which are 
in connexion with the ends of the coil. It is easy to obtain either 
currents of high intensity such as those required to produce 
shocks, or currents of large quantity such as would be required 
for magnetizing steel or for igniting platinum wire, by varying 
the diameter and length of the conductor. When a long thin 
wire was employed, as bv imitxng the two helices as at d and e, 
a current of great intensity, producing powerful shocks, was ob- 
tained ; but tliis same current could be made to induce in the flat 
coil/ a current of greater quantity, but of less intensity. 

Owing to these variations in quantity and intensity, the inves- 
tigation of the laws of such induced currents is complicated and 
difficult. Abria {Ann. de CMmie, III. i. 385, and iii. 5) has pub- 
lished some careful researches upon them, but additional experi- 
ments are still needed. 

(314) Arago's Motations. — A remarkable exemplification of 
the facility with which secondary currents are induced by mag- 
netic influence, and of the mutual action of such induced cuiTents, 
ia exhibited by the following experiments of Arago. If a magnet 
be suspended freely by its centre in a horizontal mreetion, parallel 
to a circular disk of copper which can be made to rotate horizon- 
tally beneath the magnet, it will be found, if the centre of sus- 
pension for the magnet be directly over the axis of the rotating 
disk, tliat when the disk is made to revolve with a certain degree 
of velocity the magnet begins to rotate also in the same direction 
as the disk ; and tlie more closely the disk and the magnet are 
approximated, the more rapid is the rotation, whilst at the same 
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time a repulsive action is exerted upon the magnet in a direction 
perpendicular to the plane of the disk. This rotation occurs as 
freely when a sheet of paper or of glass is interposed between the 
m^net and the metallic disk, aa when air only intervenes. Disks 
of other metals by their rotation also produce thia effect upon 
the magnet, but none of them show it so readily as copper ; the 
facility with which the effect is produced being directly as the 
power of the rotating disk to conduct electric currents. If a nar- 
row strip be cut out of the metallic disk, extending from its qir- 
cnmference to the centre, no motion will be produced in the mag- 
net when the disk is made to revolve ; but if the cut edges of the 
divided disk be connected by soldering a piece of wu-o across the 
division, the rotation may be effected as readily as when the disk 
was entire. Trom causes similar to those which produce the fore- 
going results, it is found that if a magnetic needle or a bar mag- 
net be set vibrating parallel to the surface of a disk of copper, it 
will come to rest much more speedily than if vibrating over paper 
or glass. 

These effects were first satisfactorily explamed by_ h araday ; 
he found that whenever a piece of conducting matter is made to 
pass either before a single pole or between the opposite poles of 
a magnet so as to cut the magnetic curves at riglit angles, elec- 
trical currents are produced across the metal, transverse to the 
direction of motion. For example, let the copper disk c, fig. 
249, be made to revolve, in the direction of the ai-rows on the cir- 




cumference, between the poles, n s, of a horse-shoe magnet, and 
let a wire, w, which is connected with one end of tlie galvanome- 
ter, g, be pressed against the centre of the disk, whilst the other 
wire w' from the galvanometer rests against the edge of the disk 
between the magnetic poles. Under these circumstances, a cur- 
rent will be found to flow from the centre towards the circum- 
ference of the disk, c, and then through tlie wires, as shown by 
the arrows. If the disk be made to revolve in the opposite direc- 
tion, the current will flow from the circumference towards the 
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centre of tlie disk. CurreBts may also be obtained from any of 
the forms of the apparatus ■which exhibit the rotation of magnets 
round a conducting wire, or of the wire round the magnet, if a 
galvanometer be substituted for the battery, and if the magnet or 
the wire be made to revolve by hand. 

Now let us suppose that in Arago's experiment vre are look- 
ing down upon the revolving disk, c, fig. 250 ; when the disk re- 
volves beneath the magnet, it cuts the 
magnetic curves at right angles ; currents 
are produced underneath the north pole, 
from the centre of the plate towards the 
circumference, a, beyond the pole : these 
\\ \ currents occur in the opposite direction — 
/J ' viz., from the circumference to the centre, 
underneath the south pole, and thus trar 
verse the diameter of the plate parallel to 
the magnet, returning by the more distant 
parts of the plate, as shown by the dotted 
arrows. Such currents nece^arily exert a repulsive action upon 
the magnet in a direction which coincides with that in which 
motion is observed, and no currents are obtained until either the 
. magnet or the plate is set in motion. 

(315) Magneto-Electric Machines. — ^Various machines have 
been contrived for tlie production of magneto-electric currents. 





The most convenient of these is Saxton's Magneto-Electric 
Machine. It is represented in flg. 251, in perspective ; fig. 252 
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shows a section of the coils and armature on a latter scale. It 
consists of a powerful liorae-shoe magnet, m, placed horizontally 
upon one of its sides : in front of its ends or poles, and as close to 
them as is pos&ihle without producing actual contact, an arma- 
ture of soft iron, a S,"is made to revolve upon a horizontal axis, a, 
which admits of being turned by means of a strap passing over a 
mtiltiplying wheel, w. This armature consists of two straight 
pieces of iron, ahout two inches in length, which, by means ot a 
crosspiece of iron, x, are connected together parallel to each 
other, at such a distance that they shall be opposite the middle 
of each pole of the horse-shoe magnet. Around each limb, c^d, 
of the armatnre, a long fine copper wire, covered with silk to in- 
sulate the coils from each other, is wound in several successive^ 
layers. The corresponding ends of each of these hehccs are con- 
nected together; one pair, «/, is soldered to the spindle, », on 
which the armature rotates, and through it is connected with a 
circular copper disk, *, the edge of which dips into a cup of mer- 
cury, m, whilst the other pair of wires, g, h, is connected with a 
stout piece of copper which passes through the axis of the spin- 
dle, 8, from which it is electrically insulated, and terminates in a 
slip of copper, h, placed nearly at right angles to the crosspiece, 
z, which connects the two limbs of the soft iron armature. Be- 
neath the slip of copper, h, is a second mercury cup, I, which can 
be made to communicate with the cup, m, either by a wire, or bv 
some other conductor of the current. The arms of the slip, k, 
alternately dip into the mercury, and rise above it, and the 
points of contact are so arranged that the circuit (which, when I and 
m are properly connected, is complete so long as h is beneath the 




mercury) shall be broken at the time that the armature loses its 
magnetism. Under these circumstances a bright spark is ob- 
tained eacli time that the slip h quits the mercury ._^?'our cur- 
rents are therefore produced in the wire surrounding the arma- 
ture during each complete revolution, two successive currents 
being in one direction, and the two others being in the opposite 
direction. Suppose, for example, that the Ihnb, o, of the arma^ 
ture is opposite the marked pole of the steel magnet ; if now it be 
made to recede from this pole a current will be produced in a 
given direction, through the coil which surrounds this limb, and 
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on the approach of the same limb towards the unmarked end of 
the magnet, a second current will be produced in the same direc- 
tion tlirough the coil ; a third current will be produced, but in 
a reversed direction, as the limb o leaves the unmarked end of 
the magnet, whilst a fourth current wiU bo produced on the ap- 
proach of the limb c to tlie marked pole of the magnet, and will 
coincide with the reversed direction of the third current, "^f'the 
connexion between the mercury cups, I and m, be eifectcd by 

grasping with the hands two copper cylinders, n ir, each of which 
y means of a wire is in connexion separately with one of the 
cuvB, a succession of powerful shocka wiU be experienced. Aci- 
dulated water and many saline solutione may be decomposed if 
these currents be transmitted thi'ough them ; but in order to pro- . 
duee polar decomposition, it is necessary to suppress or turn up \ 
one of the points of the slip k, and thus to lose half the power ot 
the machine ; otherwise the currents at each half revolution are 
in opposite directions. 

In the construction of these magneto-electric machines, great 
care must be taken that the insulation of the coiis is very perfect. 
Different, effects are obtained from such a machine by varying 
the lengtli and the diameter of tlie wire which is wound around 
the armature. When currents of high intensity are required, 
such as those needed for giving shocks, or for the decomposition 
of electrolytes, a great length of thin wire is preferable ; but a 
much smaller length of thicker wire will give the largest sparks, 
and will ignite the greatest length of fine platinum wire,* 

Wheatstone and others have contrived magnoto^lectric 
machines, by which a continuous electric current in a uniform 
direction may be kept up for any length of time. These batteries 
are in fact, combinations of several simple machines, similar in 
principle to Saxton's ; the coils are connected together so as to 
form a continuous circuit. The ai-matures are so arranged that 
each shall in turn become magnetic, just before the preceding 
armature has entirely lost its magnetism. By this contrivance, 
? made to commence in one coil before it has ceased 



the current is ma( 

in the coil which immediately precedes it. 

Magneto-electric machines are now used in Birmingham on a 
large scale, as a substitute for the voltaic battery in processes of 
electro-silvCTing and electro-gilding. A single Saxton's machine 
will, if kept in continuous revolution, precipitate from 90 to 120 
ounces of silver per week from its solutions : and machines have 
been constructed by which 2J ounces of silver per hour have 
been deposited upon articles properly prepared for this mode of 

pk&ig. 

Mr. Holmes has succeeded, by the use of a powerful magneto- 
electric machine, in producing a light of great steadiness and in- 
'■— "'y between two points of gas coke : this light can be main- 



• A machine upon this principle has been contrived by Whealatone for eiploding 
charges of gunpowder, when provided with Abel's magnet fuse, which seems to leave 
litUe to be desired in ^nipUoity, certainty, and iaciUtj of application. {Seporl to Siwe- 
tary of War, Wheatslone and Abel, Nov., 1860.) 
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tained without intemiptioii so long as the magnets are kept in ro- 
tation, and the charcoal continues imconsunied. 

The machine consists of 48 pairs of compound har magnets, 
arranged in 6 parallel planes, ao as to form a large compound 
wheel, between which the armatures, 160 in number, arc ar- 
ranged in 5 sets, the total amount of wire being about half a mile 
in length. The wires are insulated by cotton, and the contacts 
are so arranged as to maintain a continuous current in the same 
direction, varying from a maximum to exactly half the amount of 
the maximum, in rapid succession. Tlie steel bars weigh about 
1 ton, and the wheel is made, by the aid of a small steam engine, 
to revolve with a rapidity varying from 150 to 250 times per 
minute. This light was for several months in succe^fii! opera- 
tion at the South ^foreland Lighthouse, and subsequently at 
Dnngeness, the actual expense of fuel in working tlie engine 
being about equa! to that of the oil formerly used, wliile the light 
is far more brilliant. 

§ VI. Tiieemo-Electkicity. 

(316) The phenomena due to the development of electricity 
by heat arc arranged under the head of thermo-eleotrioity, — a 
term which serves to recal to mind tlie manner in which the force 
originates in these cases. The present section contains a sum- 
mary of the more important facts which have been ascertained on 
this subject. 

As any obstruction to the passage of the electric current in a 
conductor occasions the development of heat, so any obstruction 
to the equal propagation of heat in a conducting circuit produces 
a current of electricity. This important result was first obtained 
by Seebect, in the year 1822. 

If the extremities of the wire of a sensitive galvanometer be 
united by means of a straight piece of platinum wire, this wire 
may be heated at any point at a distance from its connexions 
with the galvanometer wire, without producing a current through 
the circuit ; but if the platinum wire be twisted into a loop, its 
molecular tension at this point is slightly altered, and if heat be 
applied to the wire close to the loop and to the right of it, a cur- 
rent wiU flow threugb the apparatus from right to left, owing to 
the inequality of tlie conducting power, and the disturbance of 
regularity in the transmission of the force from the hotter to the 
eoTder portions. These effects are still more readily produced by 
dividing the wire into two portions, and coiling each extremity 
into a flat spiral. If one of these spirals be heated to redness, 
and be brought into contact with the cold spiral, deflection of the 
needle immediately follows, in a direction which indicates the 
flow of a current from the hotter to the colder portion. Metals 
such as bismuth or antimony, in which a crystalline structure is 
strongly developed, but which possess an inferior power of con- 
ducting electricity, display these thermo-electric phenomena in a 
more perfect degree. If one half of a ring or rectangular irame 
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composed of either of these metals be heated, and the other half 
he kept cool, a current eufficient to deflect a magnetic needle sus- 
pended within the frame or ring, will he produced, MetaU 
which are better conductors, such as copper or silver, althongh 
they also show the phenomena, exhibit it much less distinctly. 

Prof, W. Thomson has shown that if portions of a metallic 
wire he stretched by weights, and be connected with other por- 
tions of the same wire not so stretched, on applying heat to 
their Junctions, a cnrrent is produced from the stretched to the 
imstretched wire through the heated point. 

If the rectangle be composed of two dissimilar metals, as 
when a bar of antimony, a a, fig. 253, is soldered to a bar of bis- 
muth, B B, the application of heat, 
such as the flame of a spirit-lamp, 
to one of the junctions will cause 
deflection of the suspended needle, 
n e. A bar of bismuth when sol- 
dered to a copper wire, will readily 
deflect the needle of a galvanome- 
ter of moderate sensibility, if even 
the warmth of the hand only be 
applied to one of tlie junctions. 
The earlier researches upon this 
subject appeared to show that so long as the resistance in the 
circuit continue tinchanged, the amount of force in circulation is 
exactly proportioned to the difference in temperature of the two 
junctions. Becquerel, reljdng upon the accuracy of this datum, 
has applied a thermo-electric pair of metals to the measurement 
of temperature. Amongst other experiments, he endeavoured to 
ascertain the temperature of flames ; the metals which he em- 
ployed were thin wires of platinum and palladium ; the junction 
of the wires was mtroduced into difierent parts of the flame 
which, as might be supposed, were found to vary considerably in 
temperature. The proportionality of the current to the tempera- 
ture, however, only holds good with those non-crystalline metals 
which do not oxidize when powerfnlly heated : and even these 
are liable to irregularity, so that the determination of tempera- 
tures by this means must not be relied on without special verifi- 
cations, which, at liigh temperatoi'es, can scarcely be effected witli 
accuracy. . For small differences of temperature, however, 'the 
thermo-electric pair or pile (317) surpasses in sensitiveness all 
other thermometric means at present in use. 

If one of the junctions of a thermo-electric pair be maintained 
steadily at a low temperature, such as 32°, whilst the tempera- 
ture o! the_ other junction is gradually raised, it happens with 
some_ combinations, that Uie current increases in intensity up to a 
certain point, then declines, and is revelled ; in the case of zinc 
and _ silver, the rise continues up to 248° F. ; then the current 
declines, becomes null, and ultimately is reversed, as the temper- 
ature continues to rise. Most probably this is due to the peculiar 
effect which heat has upon the crystalline structure of zinc. Iron 
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and antimony exhibit the same effect, tut to a, lem marked ex- 
tent ; and Thomson has extended the observation to a number 
of other metals. So important is the crystalline structure in 
tiiese arrangements, that the thermo-electric power of bismuth is 
very matcnally reduced by the addition of a small per-ecntage 
of tin, which impairs ita tendency to crystallize.* 

It may indeed be stated that wben two dissimilar metals are 
connected in any way so as to produce a closed circuit, an deetrie 
current is established each time that any difference in tempera- 
ture is produced between the two points of contact ; and the cur- 
rent is maintained so long as the difference of temperature con- 
tinues. 

The metals may be arranged in the following thermo-electric 
order : — 

Bismuth i Copper and Silver 

Platinum I Zinc 

Lead Iron 

Tin I Antimony. 

"When heated together, the current proceeds from those which 
stand last on the list towards those -which precede them. It is 
to be remarked that the thermo-electric order of the metals is en- 
tirely different from their voltaic order.f According to the ex- 
periments of Wheatstone and Pouillet, who have arrived at the 
same result "by very different methods, the electro-motive force 
of a pair of bismuth and copper, when one iunction is maintained 
at 312° and the other at 33 P., ia ^^ of "^^.t exerted between a 

Siir of copper and zinc plates arranged in voltaic relation, as in 
anieir 3 battery. 
Thermo-electric circuits may also be formed witli inferior 
conductors. I^'obili brought the point of a heated one of porce- 
lain clay into contact with a cold cylinder of the same material, 
each connected with the galvanometer by cotton soaked in a 
conducting liquid : the current passed from the cone to the 
eylinder. 

(317) Thermo-MultipUer.—Bj connecting together successive 
pairs of two different metals, and heating the alternate joints, 
whilst the other junctions are kept cool, a thermo-electric battery 

" An important connexion between the direction of ttie planes of cleavage and the 
direction of the thenno-dcctiic current in crjatalline metals was ehowc to exist by 
Svanberg. In bisointh and in antimony, for example, there ia one pardcular plane of 
cleaTBge endowed with greater brilKancy than the rest. Bara of these metals, when 
placed with this plane of clettvaKe perpem^culariy to the direction of the current, ace 
more highly negative than when placed in any other portion ; whilst, if a second plane 
of cleavage, somewhat less brilliant than the former, be placed across the line of cur- 
rent, the bar is more highly positive, thermo-electrically, than ui any other position. 

^ Matthieseen has published (^PhU. Trans., 1858) the results of a careful series of 
experiments npoa the thermo-electric order and energy of varioua bodies, for tempera^ 
tures usually tanging between about 40° and 100° F. If the electro-motive force of the 
thenno-electrie current excited between ^Iver and copper be taken as equal to I (the 
current passing from the silver to the copper at the heated junction), the force of the 
current between silver and each metal in succession heated to the same point, will be 
represented by the numbers given in the following table. Wicre the positive sign ia 
prefixed the current is from the silver to the other metal at the heated junction ; when 
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may be constructed. The size of the elements which are cm- 
ployed contributes nothing to tlie effect, except so far as by in- 
creasing the area of the conducting section, the conducting power 
of the eiiximt is increased. Sueli a battery will decompoBe a so- 
lution of iodide of potassium, and Botto states that witlj a pile 
consisting of 100 pairs of platinum and iron wire, each 1 inch 
long and y Jj of an inch in diameter, lie succeeded in decom- 
posing even diluted sulphuric acid. A thermo-electric current 
from a single pair is sufficient to convulse the limbs of a frog. 
The principle of the arrangement by which a thermo-Trmliiplier 
or thermo-electric battery may be constructed, is shown in fig. 
254 ; to one series of junctions, a high temperature, to the other 
a low temperature may be appHed ; the 
Fio. 2B4. shaded bars, a, represent bars of antimony, 

those in outline, b, indicate bars of bisnmtli. 
The intensitv of SQch a current, however, is 
comparatively feeble, and the resistance 
which it experiences in traversing even me- 
tallic conductors of considerable diameter, 
such as the metallic bai'S themselves which 
are used in the construction of the battery, 
seriously reduces its power. A very cheap 
/( and effective thermo-electric pile may be 
// made of wires of iron and German silver. 
Nobili and ITelloni applied a tbormo-olcc- 
tric battery, consisting of 36 pairs of small 
bars of bismuth and antimony, to therinome- 
tric purposes. Sucli a battery was employed by Melloni, in his 

the negative siga is prefixed, tie current la from the other metal at the heated point 
towards the alver. The substances marked with an asterisk are supposed to have been 
chemicallj pure : — 

Order of Metals, die. 




Bismuth, commerdal, pressed 


-1- 
36-81 
3291 
2i'36 

IV'17 
897 
6-49 
B'02 
3'66 

a-oe* 

2-52* 
1-283 
1-175 
1-029 
1000 
1000 
0-123 
0-168 
0-036 
0- 


Gaaeoke, hard 


0-057 
0-208 
0-244 
0-332 
1-8B7 
2-028 
3-768 
8-828 
4-260 
6-218 
6-965 
9-436 
9-600 
9-871 
13-67 

22-70 
179-8 
290-0 






Crystal of bismuth, equatorial 




■Cadmium 


Antimony, pressed wire 


























AnIJmony, equatorial 










Alloy, 12 bismuth, 1 tjn, cast 
Alloy, 2 antimony, 1 zinc, 






•iQtimony, pressed wire. 
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investigations on radiant heat, to the exclusioTi of almost every 
other thermoseopic means. When the alternate junctions of the 
bars at each end of the pile were covered with lampblack, a coat- 
ing was obtained which absorbed the radiations proceeding from 
a surface the temperature of which was much below that of the 
human body ; even the amount of radiant heat emitted by insects 
could be estimated by connecting this battery with a galvanome- 
ter of extreme sensitivGness.* 

The conducting power of red phosphorus and of eelenium is eo 
slight that neither of them can be used for the construction of 
thermo-electric piles : that of tellurium is also small, but it is 
sufficient to admit of its use, and its electro-motive power, when 
opposed thermo-electrically to bismuth, is bo great, that a pile 
consisting of 8 pairs of these elements, where the alternate junc- 
tions are heated to 212°, whilst the others are cooled to 32°, will 
decompose a solution of sulphate of copper ; and Matthiessen 
estimates tlio electro-motive force of 100 pairs of such a pile as 
equal to that of 4 cells of Darnell's arrangement. 

(318) In connexion with these thermo-electric effects, a curious 
observation was made by Peltier {Ann. de Cfdmie, II. Ivi. 379, 
and Ixxxi, 801) ; — when a weak current of electricity was trans- 
mitted through a compound bar of bismuth and antimony, from 
the antimony to the bismuth, as in No. 1, fig. 255, a thermome- 
ter, placed at the point of junction, was 
observed in one experiment to rise 80° Fih, asB. 
F., but when the current was reversed, 
as in Ko. 2, the temperature fell 6°'5 
F. In some later experiments, Peltier 
succeeded even in freezing waterplaced ''"^- ^ r^ 
in a cavity diilled at the point of junc- >--^ 
tion of the two metals, when the bar 
was cooled to 33° by immersion in 
snow. When feeble currents of eq^ual 
intensity are transmitted through a 
compound metallic bar, whatever met- 
als be employed, there is a difference in 

the temperature at the points of junc- 
tion, according to the direction in which the current is jiaasing ; 
the amount of the difference of temperature varying with the 
metals which are used. The rise of temperature occurs almost 
uniformly when the cun-ent passes through the two metals in the 
same direction as that in which the thermo-electric current would 
be produced by elevation of temperature.f For example, there 
is a rise of temperature when the current passes from iron to 
zinc, from iron to platinum, from iron to copper, from zinc to 

* Mellon! used a galTanometer formed of copper wire -^^j of an incli in diameter, about 
B yai^ long, and arranged around the astatic needles in. 4D convoliitions. Much of the 
sensitiveness of tlie instrument depends upon tlie esaet equality of tlie magnetization of 
the two needles r the compound needle should require fcom 56 to 60 seconds in order 
to complete an oscillation. 

-f An e^cccption is presented m the case of lead and copper, and tin and copper, in 
which the current is towards the copper from the heated metaL 
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copper, from copper to bismuth, and from antimony to copper ; 
l)ut when the current is reveraed between the same pairs, there is 
either a nmeli em^er elevation, or in some cases even an actual 
depression of temperature. This subject has been discussed at 
great length by Clausius and by Thomson, in their researches on 
the iiieehanieal theory of heat. 

§ Vn. Animai. ELECTEicrrv. 

(319) Some fish, particularly the torpedo, and the electrical 
eel {GymTwhts electricua) have the remarkable power of giving 
electrical ^ocks at pleasure, by means of an apparatus specially 
adapted to the purpose. 

The torpedo, miich is a species of ray, is a flat fish, tolerably 
abundant in the Mediterranean ; it is provided with two electrical 
organs situated one on each side of tlie spine near the head, occu- 
pying the whole thickness of the fish ; these organs are supplied 
with large thick nerves ; and it has been found that on cutting 
these nerves all voluntary electric power ceases : but according 
to Matteucci, the iiTitation of that end of the cut nerve which is 
attached to the organ in a lively torpedo occasions the electric 
discharge, and even irritation of detached portions of the organ 
produces contraction in the limb of a frog recently killed, if the 
GTui'al nerve of the frog be allowed to rest upon the organ of the 
torpedo. The stractm-e of the electrical organs is gelatinous, and 
the material is divided by membranous septa into 400 or 500 
columns, which have some resemblance to grains of rice in ap- 

Eearance ; tliese columns run from the dorsal to the ventral sur- 
lee of tie fish, and are about the thickness of a goose-quiU ; the 
dorsfd surface is positive, the ventral negative. The eleetrieity is 
most strongly developed just at the points where the nerves enter 
the organ ; a poweri'ul shock is received on simultaneously touch- 
ing the back and tlie belly of the fish at any part, but the shock 
obtained is strongest immediately over the two organs. A weaker 
shock is experienced on touching different parte even of the same 
surface, since tJie electric charge differs in intensity at different 
points of the same surface. Frequent discharges exhaust the ani- 
mal quickly ; the frequency of the discharge is under the control 
of the animal, but not its direction. The electric discharges of 
the torpedo are partly dissipated when the lish is immersed in 
water by the conducting power of this liquid, and Matteucei esti- 
mated that in air the shock given by the animal is four times as 
powerful as when it is in water. 

(320) In the gymnotua, which is a fresh-water fish, tolerably 
abundant in the marslies of Surinam, and in the tributaries to the 
Orinoco there are four electrical organs, a large and a small one 
on each side running from the lie^ to the tail of the animal. 
These organs, Hke those of the torpedo, are supplied with lai^ 
nerves, and have a membranous structure, the septa running in a 
more or less longitudinal direction from the head towards the tail. 
The longer the column that produces the shock, the greater is the 
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force of tlic electric discharge : the anterior portions of thia animal 
are positive to the posterior, so that the strongest shocks are ob- 
tained by toaching tho fish simultaneously near the head and 
near the tail ; but shocks more or less intense may be obtained 
from any part of the body, if the hands be separated for a short 
distance in tho direction of tlie head and tail of the animal ; 
scarcely any shock is felt if the hands be placed one on each side of 
the fish at the same distances from the head or the tail So great 
is the electric energy of the animal, that the specimen which was 
exhibited in the Adelaide Gallery, 40 inches in length, was cal- 
culated by Faraday, at each medium dischai^, to emit as great 
a force as the higliest discharge of a Leyden battery of fifteen jars, 
exposing 3500 square inches of coated surface. Shocks differing 
in intensity with the position of tlie observer and his distance 
from the fish, were felt in all parts of the tub which contained it ; 
this tub was 46 inches in diameter. The shocks from the gym- 
notus have power suflneient to kill or to stun fish : the same dis- 
charge produces a more powerful effect upon a large fish than it 
does upon a small one, since the larger animal exposes a lai^r 
conducting surface to the water through the mass of which the 
electricity is passing, and consequently it receives a more violent 
shock. On one occasion when a live fish was put into a tub, the 
animal was seen by Faraday to coil itself into the form of a semi- 
circle, the fish lying across the diameter : this position was the one 
most favorable to me full effect of the electrical dischturge ; an in- 
stant afterwards the fish floated motionless upon its side, deprived 
of life by the shock it had received, and was then speedily de- 
voured by the gymnotus. 

The shock of both the torpedo and the gymnotus gives rise to 
momentary currents sufficient to deflect tlie galvanometer, to 
magnetize a needle, and to decompose iodide of potassium : from 
bom species sparks have also been obtained between two insulated 
gold leavesproperly connected with the fish. 

(321) 7ne Maseular Current in Living Anzmcds. — ^The re- 
searches of Matteucci have shown that in the living animal an 
electrical current is perpetually circulating between the internal 
portion of a muscle and its external surface ; this current is due 
probably to the chemical actions which are produced by_the_ vital 
changes which are continually occurring in the organic tissue. 
Tie muscular current, as it has been termed, ceases to manifest 
itself in warm-blooded animals in a very few minutes after the 
lite of the entire animal has terminated ; but in cold-blooded ani- 
mals, and especially in the frog, it continues for a much longer 
period. Vital contractility also continues in these animals for a 
longer period than in the higher orders of the vertebrata, and hence 
the frog has been extensively employed in researches of this 
description. 

The following is one of the forms of experiment, devised by 
Matteucci, to show the existence of the muscular current : — ^Five 
or six frogs are killed by dividing the spinal column just below 
the head ; the lower limbs are removed, and the integuments 
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stripped off tliein ; the tliighs are next separated from the legs at 
the knee-joint, and are ent across transversely. The lower halves 
of these prepared thighs are then placed upon a varnished board, 
and so arranged that the knee-joint of one limb shall be in con- 
tact with the transverse section of the next, and thas a muscular 
pile is Ibnaed consisting of ten or twelve elements ; the terminal 
pieces of this pile are each made to dip into a separate small cavity 
m the board, in which a little distilled water is placed. If the 
wires of a sensitive galvanometer be attached to a pair of platinum 
plates, and these plates be plunged simultaneouBly one into each 
cavity in connexion with the muscular pile, a deviation of the 
galvanometer needle will be observed in a direction which indi- 
cates the existence of a current passing from the centre or cut 
transverse surface of the muscle towards its exterior. 

Dubois Reymond, by the use of stilt more sensitive instru- 
ments, has shown that even the smallest shreds of mnacular tissue 
exhibit proof of the existence of such a current, and the conclu- 
sion which he draws from his experiments is the following : — Any 
point of the natural or artificial longitudin<d section of a muscle 
is positive in relation to any point of the natural or artificial 
tra/nsverse section. 

Interesting as this subject is in a chemical point of view, in 
connexion witli the changes which take place in the circulating 
fluids, it would he irrelevant to our present purpose to pursue it 
further. The question belongs more properly to the physiologist 
than to the chemist ; and the reader who desires fuller information 
upon this branch of inquiry is referred to the various papers of 
Mattencci in the Annalea de Chimie, and the Philosophical 
Transactions, and to the work of Dubois Reymond, or to the 
more recent systematic treatises on physiology. 

§ VIII. Magnetic Polarization of Light — Diamagnetism. 
(322) Influence of Magnetism on Polarised Lighi, transmitted 
through UiierystdG/ised Transparent Bodies. — Allusion has been 
already made (137) to a peculiar kind of polarization to which 
light is subject, when transmitted through certain transparent 
media, which are under the influence of magnets of high power. 
Somq transparent bodies are better fitted t£an others to exhibit 
this phenomenon. Some years ago Faraday prepared a peculiar 
kind of glass for optical pui-poses ; it consisted of a mixture of 
silicate and borate of lead, and was much denser than ordinarj- 
flint glass : this glass is particularly well adapted to display the 
effects of magnetic polarization. Let a piece of this glass which 
has been properly annealed be cut into the form of a rectangular 
bar or prism, terminated by flat parallel faces, and let it be placed 
between the poles <rf a powerful eleetro-magnet not in action, the 
axis of the prism being parallel to a line which joins the two 
poles — in fact in the direction of the keeper of a horse-shoe mag- 
net, A ray of polarized light may be transmitted along the axis 
of the glass bar, and if examined by an analysing plate in the 
usual manner (120) the light will disappear when the plane of 
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reflection from the analysing plate is at right angles to the plane 
of polarization. If, uow, whilst the polarized ray is at the point 
of maximum obscuration, the soft iron be magnetized by the ac- 
tion of tlie battery, the light wiU instantly 
reappear, and if white light be used, the 
reflected ray will be coloured. The mo- 
ment that the connexion with the battery is 
broken, the light wiU disappear ; but it will 
again become visible each time ijiat the iron 
is rendered magnetic. If the north end of 
the magnet be towards the observer, the 
rotation of the plane of polarization is to 
the right, as represented m fig. 256, No. 1 ; hut if the direction 
of the magnetism be reversed, eo that the south end is nearest the 
observer, the rotation is to the left, as in No. 2. 

Different bodies, when placed between the poles of an electro- 
magnet, possess this property of causing the ray to rotate in dif- 
ferent degrees, bnt all singly refracting solide and liquids manifest 
it : in magnetized gases, and in vacuo, no such effects have been 
discovered. The extent of the rotation is, c(Eteris paribus, directly 
as tlie intensity of the magnetism, and as the length of the 
medium traversed by the ray. By placing the transparent bodies 
in the axis of a coil of wire conveying an electric current, the 
same effects are produced, but in a lower d^ree ; the more 
numerous the coils of the helix, and the longer the column of the , 
transparent body whieli is traversed by the ray, the greater is the 
extent of the rotation. When an electric current passes round a 
ray of polarized light, in a plane perpendicular to the direction 
of the ray, it causes rotation of the ray in the same direction as 
that in which the current is passing. The interposition of bodies 
which are not susceptible of magnetism, between the coils of the 
helix and the transparent body placed in its axis, does not sensi- 
bly affect the polarizing action, but the interposition of a hollow 
iron core between the helix and the ti-ansparent body in its axis, 
in some cases gi-eatly heightens the effect, in others it neutralizes 
it, the rotatory influence varying with the thictness of the core, 

Matteucci found that by elevating the temperature of a bar 
of heavy glass to about 600°, the rotatory power was increased 
by about one-third, when compared with the effect of the same 
bar at ordinary temperatures. Bertin {Ann. de Okimie, III. xxvii, 
31) gives the following rotatory power for columns of equal length 
of various bodies at ordinary temperatures, assuming that of 
heavy glass as equal to 1 : — 

Heavy glass I'OO 

Perchloride of tin 0-77 

Bisulphide of carbon 0'74 

Terchloride of phosphorus 051 

Water 0-25 

Alcohol (sp. gr. 0-850) 0-18 

Ether 0-15 
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The salts of caleium, of zine, and of magnesium, as well as 
many other saline substances, increase the rotatory power of wa- 
ter, when added to it, the effect being proportioned to the strength 
of the solution, Yerdet has determined by careful measurement 
{Ann. de Chitnie, III. lii. 129) the extent to which this rotatory 
power is possessed by various bodies in solution ; and tlie same 
observer has shown that the addition of a salt of iron to water 
diminishes the rotatory power of the liquid ; an aqueous solution 
of perchloride of iron, containing 40 per cent, of the salt, gives a 
negati/ce rotation, which is five or six times as powerful as the 
ptaitive rotation possessed by water. Salts of chromium, titan- 
ium, cerium, uranium, and lanthanum produce a similar effect; 
whilst the salts of nickel and cobalt, which are also magnetic, 
produce & positive effect, and increase the ordinary rotatory pow- 
er. Ferroeyanide of potassium, although it contains iron, exerts 
a positive rotatory effect. 

Bodies, such as oil of turpentine, which naturally produce 
coloured circular polai-ization (126) have the power exalted, anni- 
hilated, or reversed, according to the direction and intensity of 
the electric current which is transmitted through the coil. The 
polarization produced by magnetism differs from the ordinary 
coloured circular polarization shown by oil of turpentine in this 
remarkable particular — viz., that the magnetic rotation is always 
in the same direction as that of the current which circulates 
around the coil. 

Let c d, fig, 257, represent a vessel filled with oil of turpentine 
endowed with right-handed rotation, and let 
Fig. 257. a J be a polarized ray. If the ray proceed 

from a to the observer at h, the rotation will 
of course appear to be right-handed to him, 
as shown by the circle, o ; and if from J to a, 
the rotation will still appear to be right-hand- 
ed to the observer at a, as shown by the cir- 
cle, d. If now a current be passed round e 
d, in the direction of the circular arrow at c, 
the rotation to the observer at h will appear to 
be increased ; while to an observer at a it 
will appear to be neutralized or reversed. 
(323) Magneiism of Bodies in general. — It was formerly im- 
agined since iron was susceptible of magnetism in a high degree, 
nickel in an inferior degree, and cobalt in a degree still less, that 
all other substances might also be magnetic, tdthough to an ex- 
tent so minute as to elude the ordinary means of observation. 
Moreover, as experiment had proved that a reduction of tempera- 
ture exalts the magnetic power of iron and of nickel, it seemed 
not imreasonable to anticipate that by extreme depression of tem- 
perature a point might be attained at which every species of mat- 
ter would snow itself obedient to the magnet. Experiinenta made 
upon this subject at very low temperatures have not, however, 
justified these expectations. The employment of magnets of un- 
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usual power has, on the other hand, revealed the existence of a 
susceptibility to this force in cases where under ordinary circum- 
stances it had not been observed. (Faradaj^, PhU. Trans. 1846.) 
Before adverting to these experiments, it will be advisable to 
define clearly the difl'erent parts of the space between the two 
poles where the magnetic action is manifested. Let us snppose 
that we are looking down upon the poles, . 
powerful horse-shoe magnet ; the space be- 
tween them has been termed by Faraday the 
Tnagnetio field ; the line, a x, will give the 
direction of its asm; the line, e q, which is 
in the same horizontal plane, but at right 
angles to a x, will form the equator of the mas;- 
netic field. A bar of iron suspended bv its 
centre above such a magnet, will take a hoti 
zontal direction parallel to the axis, A x, and 
is said to point axiaUy. By using electro 




8 of enormous power" (303) many bodies net usuilly re- 
puted to he magnetic will take the axiil position hke a bar of 
iron. For example, if an elongated fragment of htematite, or red 
oxide of iron, which is indifferent to a common magnet, be sus- 
pended horizontally at its centre by a few fibres of silk between 
the poles of such an electro-magnet, it will point axially ; even 
a sheet of writing-paper rolled up so as to form a short cylinder 
will, usually, owing to the small quantity of iron or of cobalt that 
it contains, assume a similar direction. 

Faraday has found as a general rule that the salts of the mag- 
netic metals are themselves magnetic, provided that these metals 
enter into the base of the salts. For instance, crystals of gi'cen 



sulphate of iron placed in a thin glass tube, which is not mag- 
netic, will cause the tube to point axially. Such salts preseiwe 
^eir magnetic properties even when dissolved in water : if the 
solution be placed m a glass tube of the form shown in fig. 259, 
the tube, when suspended by a loop of copper 
wire and a few fibres of raw silk, will take an "^- '^^'^^ 

axial position between the poles of the magnet. | 

Solutions of sulphate of nickel and of sulpiiate j H 

of cobalt act in a manner similar to the solu- ^^^g_^j^ J 

tions of tlie salts of iron. The pure salts of 
diromium and of manganese have in like manner proved to be 
mimetic, and hence these metals themselves are inferred to be 
so, although, from the high temperature required to reduce them 
to the metallic condition, it is almost impossible to obtain them 
in such a state of chemical purity as w()uld enable the fact to be 
verified by experiments upon the metals themselves in an nn- 
combined state. 

(324) Biamagnetism. — All the magnetic bodies mentioned 
above are attracted indifferently by eiUier magnetic pole ; and, 
if of elongated form, they place themselves with their longest 
diameter in the axial direction when suspended by their centre 
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between two contrary magnetic poles. It is, however, far from 
being tnie that all substances are magnetic. Bodies exist which, 
when brought near to a magnetic pole, are repelleil instead of 
being attracted : such substances have been termed diamagnetics. 
If a straw (s, fig. 260) be suspended horizontally by a silk fibre, 
and from one extremity of the straw a small piece 
of phosphorus, i*, be supported in a ring of fine 
copper wire, repulsion of the phosphorus will be 
produced indifferently by either pole. In such an 
experiment it will be found convenient to place a 
soft iron armature, bevelled off to a blunt point, 
T upon the pole of the magnet, in order to concen- 

trate the power, because tiie repulsive force is very 
feeble when compared with the attractive power 
developed in iron. If a stick of phosphorus be 
euBpeiided between the two poles of the electro- 
magnet, it takes the equatorial position, assuming 
a dn-ection at right angles to that of a bar of iron, 
^ '' ^^^ the phosphorus being repelled by each pole to the 
^^ greatest distance possible. Phosphorus, it will 
^^ be observed, is a non-conductor of electricity ; but 
some of the metals, of wliich bismuth and antimo- 
njf are the most remarkable, exhibit this repulsive action in a still 
higher degree. Substances of an organic nature, such as slices of 
wood, apple, potato, or flesh, likewise show this diamagnetic 
power, though not strongly. In fact, all bodies which are not 
magnetic, exhibit diamagnetic properties. Owing to the feeble 
amount of these repulsive actions, it is necessary to screen the 
objects under experiment from the 
PtH- 261. influence of currents of air, by sur- 

rounding them with a glass case, as 
represented in fig. 261, in which h 
represents a bar of bismuth, or other 
diamagnetic body, delicately sus- 
pended by a' few fibres of unspun 
silk, 0. llie bismuth bar is shown in 
the equatorial position between tlie 
two poles of the electro-magnet, 
which project through apertures 
made for their reception in the 
table. 

(325) Diamagnetism of Oases. — 
The earlier experiments upon the 
gases, owing to the very small 
amount of ponderable matter to be 
acted upon, gave results which 
seemed to prove that they were in- 
different to the influence of the mag- 
net ; but subsequent researches have shown that even the differ- 
ent gases and vapours are susceptible of the diamagnetic infiu- 
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ence in a degree wliicli varies with tlie nature of the gas. (Fara- 
day, Phil. Mag. 1847, xxxi. p. 401.) 

The gases upon whicli experiments were made by Faraday 
appear to stand in tlie following order^ beginning witli tliose 
\rtiich are least diamagnetic :— atmospheric air, nitjic oxide, nitro- 
gen, carhonic acid, nitrous oxide, carbonic oxide, hydrogen, coal 
gas, defiant gas, hydrochloric acid, ammonia, and ehlorme._ 

Elevation of temperature exalts the diamagnetic condition, — 
a stream of hot oxygen appearing to be diamagnetic in an atmos- 
phere of cold oxygen. A similar result was obtained with all 
such gases as were compared with each other at high and at low 
temperatures. On the other hand, depression of temperature 
lowers the diamagnetic force, so that a current of cooled gaa when 
allowed to flow into a warmer atmosphere of the same kind, 
takes an axial position in the magnetic field. If a stream of one 
gas be allowed to escape into an atmosphere of a second gas more 
diamagnetic than itself, the less diamagnetic gas takes the axial 
position ; when atmospheric air, for instance, is made to flow into 
coal gas, the air takes the axial or magnetic position between the 
poles ; thougli air itself would take the equatorial position in 
oxygen gas. The diamagnetism of gases was first indicated in an 
experiment by Bancalari : he found that the flame of burning 
bodies was influenced by the action of a powerful electro-magnet. 
This effect is beautifully exhibited by simply placing the flame of 
a taper, or of any combustible substance, between the poles of 
the mao-net, when in action ; the flame appears to be repelled 
towai-ds^either side by the poles, and if the m^net be sufficiently 
powerful, the flame divides into two streams which pass off 
horizontally, one on either side, in the equatorial direction. If 
the taper be extinguished, whilst the wick still continues to glow, 
the ascending column of smoke when placed between the poles 
of the magnet exhibits these motions equally well. 

The following simple contrivance was employed by Faraday 
to show the posiltion assumed by the different gases. A bent 
tube conveyed the gas for experiment in a very slow but contm- 
uouB stream into 9ie centre of tlie magnetic field ; generally a 



piece of paper, moistened with a solution of ammonia, ■Vvm jj.<.v«.- 

in the bent tube. Supposing the gas to be lighter than air, three 

.wide glass tubes, open at each end, and three or four inches long, 

were suspended with their lower aper- »..„ „^„ 

tures in the equatorial line, as represented 

in fig. 262, with the middle tube just 

above the bent tube for the delivery of 

the gas. In each tube a piece of paper 

moistened with hydrochloric acid was 

suspended. The whole was screened 

from currents of air by plates of glass. 

So long as the iron was not magnetized, 

the gas flowed readily np the axis of 

the middle tube ; but on bringing tlie eleetro-magnet into action, 
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the gas, instead of passing directly up the central tube, was, when 
more diamagnetie than air, diverted into each of the side tubes ; 
and the currents were rendered visible by tho wliite fames pro- 
duced when the ammonia carried by the gas came into contact 
with the va^oura of the acid contained in the tube. If the gaa 
under experiment were heavier than atmospheric air, the position 
of all the tubes was inverted, and, ia place of ascending currents 
descending^ currents were obtained. Tlie action of tlie ma^et 
upon the different gases was also shown by blowing soap bubbles, 
filled with each gas for trial, upon the end of a capillary tube, 
and bringing the suspended bubble near to the pole of the mag- 
net ; on completing the circuit the bubble was attracted or re- 
pelled aceordmg as the gas was magnetic or diamagnetie. 

By suspendmg a feebly magnetic glass tube, attached to the 
thread of a delicate torsion balance, between the magnetic poles 
successively in oxygen and in vacuo, E. Becquerel {Ann. de 
Chimie,Iil. xxviii. 324J found that tlie tube was less strongly at- 
tracted in oxygen than m the exhausted receiver, and by varying 
the experiment in different ways he succeeded in proving that 
oxygen is a decidedly magnetic body ; he has calculated that a 
cubic metre of oxygen, which at 32° F. and 29-92 inches Bar. 
weighs 22015 grains, if it were condensed till it had a specific 
gravity equal to that of iron, would act upon a magnetic needle, 
with a force equal to that of a little cube of u-on weighing 8^ 
grains ; or that the magnetism of oxygen is to that oi metallic 
iron as 1 ; 2647. He computes that the magnetic effect of tlie 
oxygen in the air is equal to that of a shell of metallic u-on j^^ 
of an inch in iliicbness surrounding the globe of the earth. 

The fact of the magnetism of oxygen was first suggested by 
Faraday {Phil. Mag., 1847) and was amply proved bv him 
{Phil. Trans., 1851, p. 33), independently of Becquerel. He has 
further ascertained tliat, lite iron, it loses its magnetism when 
strongly^ heated, but recovers it when the temperature falls. In 
this diminution in magnetic intensity as the temperature rises, he 
considers, probably lies the explanation pf the diurnal variations 
of the needle, the cause of which has, so much perplexed magnetic 
observers : the explanation is, however, not ri^arded as adequate 
by some eminent magneticians. 

- (326) The following table contains a list of various sub- 
stances, arranged in the order of their magnetic* and diamagnetie 
powers, as approximately determined by Faraday :— 

* Faraday regards nil enbalances as magnetic, and designates those suLsIbi 
erallj termed magnetic, as |jacamagnetic, in oontradislinetioii to ttose wliLch 
magnctjo. 
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Magnedc. 


Dia^nagnd/lc. 


Iron 


Bismuth 


Nickel 


Phosphorus 


Cobalt 


Antimony 


Manganese 


Zinc 


Chromium 


Silico-borate of lead 


Cermm 


Tin 


Titanium 


Cadmium 


Palladium 


Sodium 


Crown glass 


Flint glass 


Platinum 


Mercury 


Osmium 


Lead 


Oxygen 


Silver 




Copper 




Water 




Gold 




Alcohol 




Ether 




Arsenic 




Uranium 




Rhodium 




Iridium 




Tungsten 



Nitrogen. 

It is worthy of particular remark that the same substance 
may appear to be either magnetic or diamagnetic according to 
the nature of the medium in which it is placed. If a glass rod 
be suspended horizontally in a vessel of water which is a strongly 
diamagnetic body, it will point axially, like a rod of iron ; where- 
as the same rod, if suspended in a solution of sulphate of iron 
which k magnetic, will point in the equatorial direction. In like 
manner a tube containing a solution of sulphate of iron will in 
pure water seem to be magnetic, while in a still stronger solution 
of the sulphate it will act as a diamagnetic substance ; just as a 
soap bubble filled with carbonic acid, which is heavier than air, 
will fall to the ground, while if filled with hydrogen, which is 
much lighter than the atmosphere, it will ascend. 

Air, in consequence of its containing oxygen in an uneombined 
condition, is a magnetic substance. 

(327) The 8wnu Elemenis in combination may ie Magnetic or 
Biamagnetie aocordittg to the natv/re of the Convpoimd. — One of 
the most interesting peculiarities of diamagnetism is exhibited in 
the circumstance that the same body may assume the magnetic 
or the diamagnetic state according to the nature of the compound 
which it forms, A metal may, for example, occur as the basis or 
electro-positive constituent of a compound, or it may enter into 
the composition of those substances which form the acid or elec- 
tro-negative constituent of the compound. A good illustration 
of the ditference thus produced occurs in the ease of iron. Iron 
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licts as a base in the crystals of green vitriol {^eS0^ + 7Ii.,0) of 
which the metal forms about a tlfth by weight, and it gives to 
them a decidedly magnetic power ; brat in the yellow ferrocy- 
anide of potassium (K,^Cy„+3H,(?), which also contains iron, 
to the extent of more than an eighth of its weight, the crystals 
are diamagnetie. The iron in this case occurs in the electro-nega- 
tive constituent of the salt, and not as a base.* In the same 
way, acid chromate of potassium G^,CrO^,CrO,), where the chro- 
mium forms part of the acid, is diamagnetie, wliile the sulphate 
of clurominm (Cr^ZSO,), where the metal acts as a base, is deci- 
dedly mE^etic. Some of the compounds of cobalt exhibit ahal- 
ogous differences. 

(328) Influence of Structure on Diamagnetiam. — In prose- 
cuting this subject, Tyndall and Knoblauch {PhU. Mag., 1850, 
vol. xxxvi. p. 178, and xxxvii. p. 1) have been led to the conclu- 
sion that a substance may appear to be either magnetic or dia- 
magnetie according to the arrangement of its component parti- 
cl(». It must not, nowever, be supposed that there is not a real 
distinction between the two claases of substances ; but that, under 
certain circumstances, a truly magnetic body may appear to be 
diamagnetie and a body truly diamagnetie may appear to be 
magnetic. The following experiment may be cited m order to 
ox^ain this point. A small iiat circular disk was prepared with a 
paste of wheaten flour ; and in this disk a number of short pieces 
of iron wire were placed, all parallel to eacli other, and all pass- 
ing from one surface of the disk to the other, perpendicuLirly to 
its two faces. This disk was suspended from a fibre of silk, by 
its edge, in a vertical direction, between the poles of an electro- 
magnet ; but though it was undoubtedly magnetic, the plate 
placed itself with its faces parallel to the equator of the magnetic 
field. Each of the short pieces of wire, however, had assumed 
the axial position, although the disk as a whole arranged itself in 
a diamagnetie position. 

When a similar disk was prepared in which threads of bis- 
muth were substituted for the iron wire, the disk placed itself in 
the magnetic direction with its faces parallel to the axis of the 
magnetic field. The bismuth, however, is imquestionably dia- 
magnetie, and each of the pieces of this metal which the plate 
contains assumes the diamagnetie direction. 

The conclusion which Tyndall and Knoblauch draw from 
these experiments is, that if in a magnetic or in a diamagnetie 
mass, there be one particular direction in which the particles 
which compose it are more closely approximated to each other 
than in any other direction, the line which corresponds to this 
direction of greatest density will be the one in which the mag- 
netic or diamagnetie action is most strongly marked. One of 
the experiments made in support of this view is the following :— 

" It is, however, remarkfible that tho red ferricjanide of potassium ia, according to 
Fliicker's obserration, diatinotlj', though feeblj, magnetic Faraday e '"~ '" 

among the diamagnetie class. 
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Powdered bismutli was formed by means of gum-water into a 
mass enffieiently coherent to l^e worked into a small cylindrical 
bar about an inch long and a quarter of an inch thick. When 
this cj-linder was suspended by its centre in a horizontal direction 
between the poles of the electro-magnet, it pointed equatorialiy as 
an ordinary bar of bismuth would have done ; but when this same 
cylinder was compressed laterally, so as to form a flat plate, it 
assumed a direction with its face parallel to the axial position, 
though its length in some cases was ten times as great as its 
thicltness. 

Again, carbonate of iron is a magnetic body : if reduced to 
fine powder and formed into a cylinder similar to that made with 
the bismuth, it will point axially, or like a magnet, between the 
poles ; but if compressed into a plate, this plate will set with its 
races parallel to tl»e equatorial direction. Here, in each case, 
those parts in which the particles of tlie bismuth, or the salt of 
iron, are by compression brought the nearest to each other, are 
those in which the diamagnetic or tlie magnetic action predomi- 
nates. It is by an application of this principle that Tyndall and 
Knoblauch account for the fact discovered by Pliicker, that in 
all crvstaliine bodies belonging to those systems which exercise a, 
doubly refractive influence on light, the optic axis assumes a defi- 
nite direction under the influence of the electro-magnet. Assum- 
ing tliat the optic axis of a crystal is the direction in which the 
particles of the crystal have experienced the greatest degree of 
condensation, the effects obtained by experiment admit of expla- 
nation. The position assumed by the optic axis is not uniformly 
the same in different specimens of the same substance, though in 
tlie same specimen it is always the same. For example : IcSand 
spar, when pure, is a diamagnetic substance; but, if it contain 
carbonate of iron, it exhibits magnetic properties. In the course 
of their researches, Tyndall and Knoblauch took pieces from sct- 
eral specimens of Iceland spar, some of which were magnetic, 
others diamagnetic. These different samples were cut in the 
form of disks, or flat circular plates, the surfaces of which were 
parallel to the optic axis of the crystals. "When the disks were 
suspended liorizontally at their centres between tlie poles of an 
electro-magnet, so that the optic axis of the crystal was in a hori- 
zontal plane, each disk always assumed a determinate direction. 
When the disk was taken from a magnetic crystal, the optic axis 
placed itself axially between the poles ; when from a diamagnetic 
crystal, the optic axis assumed the equatorial direction. Thus it 
appears, that whether the crystal be magnetic or diamagnetic, 
the action is exhibited in each case most powerfully in the direc- 
tion of the optic axis, which is assumed to be the line in which 
the particles are most closely approximated to each other. Far- 
aday has shown that the directive force of the crystal, whether 
magnetic or diama^etic, diminishes as the temperature rises. 

(329) Zaw of DiarrmgTietio Repidsion. — It has been ascer- 
tained by E. Beequerel and by Tyndall, that the diamagnetic re- 
pulsion, as measured by means of the torsion balance, is as the 
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square of tlie intensity of the current. The phenomena of dia- 
magnetism may be accounted tor, aa was remarked by Faraday, 
on the supposition that electric currents are circulating aroiind 
the particles of the diamagnetie body in a direction the reverae 
of those which are supposed to exist in magnetic bodies, though 
he ■was unable to satisfy himself, by experiment, of the existence 
of such polarity ; but the experiments of Keich, of Weber,* and- 

* The principle of Weber's beautiful apparatus, with wbich Tyndall's decisive ei- 
perimeDls ircrc made, will be understood witliout difBcult;. Let s, n' (fig. 263) repre- 
sent two sitnilar verUcal lielices of copper wire ; a,b,c,d, two bars of bismutli cr 
Other diamagnetie bodj attached to cords which pass over the wheels w, w', so that 

Fid. S68. Fia. 264. 
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, by moving one of the wheels, be placed, at pleasure, in either of the positions 
EQOwn m fig. 266, 1 and 2. n s represents one of a pair of bar magnets, arranged as- 
tatically, and delicately suspended Kide hy side bj a. few Sbres of unspun eilk, i. h is 
a mirror attached to the centre of the magnet, and by viewing a scale reSected in this 
mirror through a telescope at a distance of 8 or 10 feet, the smallest deflection of the 
magnets may be estimated and measured. On transmitting a voltaic current from one or 
two of Grove's cells through the coils in opposite directions, the bismuth bars within the he- 
lices will become diamagneti zed ; and by carefuUj raiang or lowering the astatic bars »>, 
fn,s!mwn in section with theeoil3H,H',ii fig- 264, nntjl they are opposite the middle of 
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of Tyndall {Phil. Tram., 1855, 1856), appear to have proved 
conclusively tliat bodies which are unaer diamagnetic innuenee, 
exhibit polar characters. The polarity of these bodies is such 
that a diamagnetic substance possesses a feeble magnetic polarity, 
the magnetism of each pole being dmilar to that of the pole of 
the inducing magnet in its vicinity : whereas in an ordinary 
magnetic substance the inducing magnetism is opposite to that 
of the magnetic pole by which the magnetism is elicited. 

(330) Definite QwanUty of Force; IndeetruotihilUy of Force : 
Mutual IldaMons of Different Kimls of Force. — The progress 
of philosophical inquiries for many years past has been of such a 
nature as to produce a growing conviction in the minds of the 
active cultivators of science, that force is ecjually indestructible 
with matter ; and that, consequently, the amount of force which 
is in operation in the earth (probably in the solar system), is as 
definite as that of tlie material elements through which its exist- 
ence is made known to us. 

That the quantity of force associated with matter is definite, 
may be illustrated in various ways ; one or two examples must 
sufHce. The first which we will select will show the fixity in the 
proportion of heat which is associated with a given quantity of 
matter. A pound of charcoal, when burned with a tree supply 
of air, combines with 2f lb. of oxygen, and produces 3f lb, of 
carbonic acid. The chemical action produced by this combustion 
is attended with the extrication of a definite quantity of heat : 
and tliis amount of heat, if it be applied without loss, is sufficient 
to convert 12^ lb. of water at 60°, into steam at 213° F. : associ- 
ated with each pound of charcoal there must therefore he a defi- 
nite amount of power, which is brought into action when that 
charcoal is burned. A different but equally definite amount of 
heat is emitted when a pound of phtepliorus, of sulphur, of hy- 
drogen, or of any other eombuBtible is burned witli free acctss of 

the eoila, a position may be found in whlcli the magnets beeome indifferent Id the action 
of the current. If^ whilst the appamtus is Uius Biranged, the wheel w be turned to the right, 
the bismuth bars will be brought into the position, fig. 265, 1, and a deflection of the astatic 
magnets will be effected. The lower end, 6, of one bismuth bar, if polar, would be 
(from the reversed direction of the corrents in the helices) in the same condition as the 
upper end, c, of the Other bismuth bar, and each will therefore attract one particular 
end, sa; the north, of each magnet composmg the aatatio combination, and would re- 
pel the south end ; each conspinng to produce a deflection of both magnets in the Bame 
direction : but on tunung the wheel to the left, so as to brine the bismuth bars into the 
position shown in 265, 2, the astatic combmation will be d^eeted to an equal est«nt 
in the opposite direction. 

These effects are most marked with bodies tike bismuth and antimony, which have 
the greatest diamagnetic enei^; but they are also distinctly shown ereu in nonroon- 
ducting bodies, such as heavy glass, phosphorus, and sulphur 

If solid bismuth give a deviation which ia - - . - 

employed, the following table will represent 
bodies enumerated in it : — 



Distilled w 
Calc-spar ., 
Mitre 
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